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L STATUS OF THE CLAIMS 

Appellants' amendment dated August 29, 2002 was not entered, as stated in the Advisory 
Action mailed on September 23, 2002. Claims 1-46 are pending in the application. 

II. STATUS OF AMENDMENTS 

Appellants are filing an amendment, concurrent with this brief, to address a minor 
inconsistency within claims, typographical errors and to address objections to the specification. 
A copy of the Amendment is provided as Exhibit A. A copy of the pending claims if the 
amendment is entered is provided in Exhibit B. A copy of the pending claims if the amendment 
is not entered is provided in Exhibit C. 

III. REAL PARTY IN INTEREST 

The real party in interest is The Board of Reagents, the University of Texas System in 
Austin, Texas. 

IV. RELATED APPEALS AND INTERFERENCES 

There are no related appeals or interferences. 

V. SUMMARY OF THE INVENTION 

The invention is directed generally to the use of thiazolidinedione compounds, including 
troglitizone, in combination with other cancer therapies for the treatment of cancer. 

In various embodiments, methods for inhibiting the growth of a cancer cell includes 
contacting the cancer cell with a thiazohdinedione compound and contacting the cancer cell with 
a chemotherapeutic drug or irradiating the cancer cell with X-ray irradiation, UV-irradiation, y- 
irradiation, or microwaves, in amounts effective to inhibit the growth of the cancer cell. 

In certain embodiments the thiazolidinedione compoimd is a troglitazone, a pioglitazone 
or a rosiglitazone. 
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In some embodiments the cancer cell is a mammalian cancer cell. In particular 
embodiments the cancer cell is a human cancer cell. 

In various embodiments, contacting the cancer cell occurs in vitro. In other embodiments 
contacting the cancer cell occurs in vivo. 

In some embodiments, the cancer cell is selected from a group consisting of a bladder, 
blood, bone, bone marrow, brain, breast, colon, esophagus, gastrointestine, head, kidney, liver, 
lung, nasopharynx, neck, ovary, prostate, skin, stomach, and uterus cell. 

In various embodiments, the cancer cell expresses PPAR-y. 

In still other embodiments, the cancer cell is a bone cancer cell, an osteosarcoma cell, a 
precursor to osteosarcoma, an ovarian cancer cell, or a renal cancer cell. 

In certain embodiments, the cancer cell is contacted with a chemotherapeutic drug. In 
some embodiments, the chemotherapeutic drug includes an alkylating agent, a mitotic inhibitor, 
an antibiotic, a nitrosurea, an antimetabolite, a corticosteroid hormone, or other antineoplastic 
agent. In certain embodiments, the chemotherapeutic drug comprises an alklyating agent, a 
mitotic inhibitor, an antibiotic, a nitrosourea, an antimetabolite, a corticosteroid hormone or an 
antineoplastic agent. 

In various embodiments, the thiazolidinedione compound is contacted with a cancer cell 
by administering the thiazolidinedione regionally, endoscopically, intravenously, intralesionally, 
percutaneously, subcutaneously, intraperitoneally, intratracheally, intramuscularly, or by 
perfusion. 

In some embodiments, the thiazolidinedione and the chemotherapeutic drug are suitably 
dispersed in a pharmacologically acceptable formulation. In certain embodiments, the 
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thiazolidinedione compound is contacted with the cancer cell at the same time as contact with the 
chemotherapeutic agent. 

In certain embodiments, the cancer cell is a tumor cell in a tumor. 

In other embodiments, the method includes resecting the tumor. 

In various embodiments, the cancer cell is irradiated with X-ray irradiation, UV- 
irradiation, -irradiation, or microwaves. In certain embodiments, the thiazolidinedione compound 
is contacted with the cancer cell at the same time as irradiation. 

In some embodiments, the methods include contacting the cancer cell with a therapeutic 
polynucleotide selected from the group consisting of a Dp gene, p21, pl6, p27, E2F, Rb, APC, 
DC, NF-1, NF-2, WT-1, MEN-I, MEN-II, BRCAl, VHL, FCC, MCC, ras, myc, neu, raf, erb, 
src, fms, jun, trk, ret, gsp, hst, bcl, abl, Bax, Bcl-X-g and El A; wherein the therapeutic 

polynucleotide is expressed in the cancer cell. 

Various embodiments of the invention include methods for treating cancer in a patient 
comprising administering to the patient troglitazone and a chemotherapeutic drug in an amount 
effective to produce a therapeutic benefit. 

Other embodiments of the invention include methods for inhibiting the cell cycle 
progression of a mammalian cancer cell comprising contacting the cell with an amount of 
troglitazone and a chemotherapeutic drug effective to inhibit the cell cycle progression of the 
cell. 

In still other embodiments of the invention, the method of treating cancer in a patient 
includes administering to the patient a therapeutically effective amount of troglitazone and a 
chemotherapeutic drug. 
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In yet other embodiments, the methods include treating microscopic residual cancer 
comprising the steps of identifying a patient having a resectable tumor, resecting said tumor, and 
contacting the tumor bed with a therapeutically effective amount of troglitazone and a 
chemotherapeutic drug. 

Some embodiments of the invention include a method for treating a subject having a 
tumor comprising the steps of surgically revealing said tumor, and contacting said tumor with a 
therapeutically effective amount of troglitazone and a chemotherapeutic drug. 

Other embodiments of the invention include methods for treating a subject having a 
tumor comprising the step of perfusing said tumor, over an extended period of time, with a 
therapeutically effective amount of troglitazone and a chemotherapeutic drug. In other 
embodiments, the thiazolidinedione and the chemotherapeutic agent are combined in a 
therapeutic formulation. 

Various embodiments include a method for inhibiting the growth of a cancer cell 
comprising contacting the cancer cell with a composition comprising troglitazone and contacting 
the cancer cell with a chemotherapeutic agent or irradiating the cancer cell, in amounts effective 
to inhibit growth of the cancer cell. In certain embodiments, the cancer cell is contacted with a 
chemotherapeutic agent. In some embodiments, the composition comprises troglitazone and a 
chemotherapeutic agent. In various embodiments, the cancer cell is a bone cancer cell, an 
osteosarcoma cell, an ovarian cancer cell, or a renal cancer cell. 

Support for the invention as summarized may be found in the specification at least on 
pages 6 to 11. 
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VI. ISSUES ON APPEAL 

A. Is claim 32 enabled under of 35 U.S.C. §112? 

B. Are claims 1-8, 16, 28, 33-35 and 40-41 anticipated under 35 U.S.C. §102(e) by 
US Patent 5,814,647 ("Urban")(Exhibit D) as evidenced by US Patents 5,736,129 
("Medenica")(Exhibit E); 6,090,407 C'Knight")(Exhibit F); and 5,747,469 ("Roth")(Exhibit G)? 

C. Are claims 1-31 and 33-46 obvious under 35 U.S.C. § 103(a) over Tontonoz et ai 
(Exhibit H) in view of U.S. Patents 5,814,647 ("Urban"), 5,736,129 ("Medenica"), 6,090,407 
("Knight"), and 5,747,469 ("Roth")? 

VII. GROUPING OF THE CLAIMS 

Claims 1-8, 16, 28, 33-35 and 40-41 stand or fall together with respect to rejection under 
35 U.S.C. §102(e). 

Claims 1-31 and 33-46 do not stand or fall together with respect to rejection under 35 
U.S.C. § 103(a). In particular claims 8 and 35 are distinct from all other claims because they 
have additional limitations and additional arguments can be set forth regarding these claims; 
claims 16-24 are distinct from all other claims because they have additional limitations and 
additional arguments can be set forth regarding these claims; claim 25 is distinct from all other 
claims because this claim has additional limitations and additional arguments can be set forth 
regarding this claim; 27 is distinct from all other claims because this claim has additional 
limitations and additional arguments can be set forth regarding this claim; claims 29-31 are 
distinct from all other claims because these claims have additional limitations and additional 
arguments can be set forth regarding these claims; claim 33 is distinct from all other claims 
because this claim has additional limitations and additional arguments can be set forth regarding 
this claim; claim 36 is distinct from all other claims because this claim has additional limitations 
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and additional arguments can be set forth regarding this claim; claim 37 is distinct from all other 
claims because this claim has additional limitations and additional arguments can be, set forth 
regarding this claim; claim 38 is distinct from all other claims because this claim has additional 
limitations and additional arguments can be set forth regarding this claim; and claim 39 is 
distinct from all other claims because this claim has additional limitations and additional 
arguments can be set forth regarding this claim. Thus, each group of claims is differentiated by 
additional limitations that are non-obvious over the cited references and each group of claims 
defines patentably distinct subject matter. 

Claim 32 stands alone with respect to the rejection under 35 U.S.C. §112, first paragraph. 

VIIL SUMMARY OF ARGUMENT 

A. Claim 32 satisfies the requirements of 35 U.S.C, §112. 

As explained in detail below, the present rejection of claim 32 under 35 U.S.C. §112 is 
based on unpredictability in the art, such that undue experimentation would be required to 
practice the invention. The arguments in support of the rejection are based on over-interpretation 
of the art as it relates to the claimed invention and improper application of broad generalizations 
of the field of gene therapy to the claimed invention. 

B. Claims 1-8. 16. 28, 33-35 and 40-41 are patentable under 35 U.S.C. S102(e). 

As explained in detail below, the present rejection of claims 1-8, 16, 28, 33-35 and 40-41 
under 35 U.S.C. § 102(e) is based on an improper combination of references to provide purported 
enablement for the primary reference. The Appellants have advanced that the lack of an 
enabling disclosure in a primary reference cannot be remedied by the combination of references. 
The primary reference itself must be enabling and the combination of references for a rejection 
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under 35 U.S.C. §102 must be cited to prove that the primary reference contains an "enabled 
disclosure" not to provide enablement for the primary reference. Thus, enablement must be 
found in the primary reference and not in the combination of references. 

C. Claims 1-31 and 33-46 are patentable under 35 U.S.C §103(a). 

As explained in detail below, the present rejection of claims 1-31 and 33-46 under 35 
U.S.C. § 103(a) is based on a faulty analysis of the primary reference and fails to establish a 
prima facie case of obviousness. At most, the references cited disclose that one skilled in the art 
might find it "obvious-to-try" the claimed invention. In addition, the primary reference, 
Tontonoz et al, actually teaches away from the invention. Further, the Examiner fails to 
consider unexpected results provided by the Appellants. 

IX. ARGUMENT 

A. Claim 32 Is Enabled Under 35 U.S.C. §112, First Paragraph 

The final Office Action dated July 1, 2002 ("Action") rejected claim 32 under 35 U.S.C. 
§112, first paragraph, as lacking enablement. The Action states that the claim encompasses 
gene therapy for the treatment of cancer in vivo, and due to the unpredictability in the art, it 
would require imdue experimentation to practice the invention. Appellants respectfully traverse 
this rejection. 

Appellants submit that Claim 32 stands alone and is distinct fi"om all other pending 
claims due to the fact that the limitations of the claim are (1) not foimd in any single prior art 
reference or (2) the combination of these limitations are not found in a combination of prior art 
reference in a manner in which the claimed invention as a whole would be obvious to one of 
ordinary skill in the art. The fact that no prior art has been cited against claim 32, when all other 
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pending claims are subject to a rejection based on prior art evinces the separate patentability of 
claim 32. Thus, if claim 32 is found to be enabled then claim 32 is allowable over pending 35 
U.S.C. §102(e) and §103(a) rejections. 

Satisfaction of the enablement requirement is not precluded by the necessity of some 
experimentation. See Atlas Powder Co. v. E.L duPont De Nemours & Co., 750 F.2d 1569, 1576, 
224 U.S.P.Q. 409 (Fed. Cir. 1984). "The specification must teach those skilled in the art how to 
make and use the full scope of the claimed invention without 'undue experimentation.'" MPEP 
2164.08 (citing /n re Wright, 999 F.2d 1557, 1561, 27 U.S.P.Q. 1510, 1513 (Fed. Cir. 1993)). 
The invention of claim 32 encompasses a method for inhibiting the growth of a cancer cell 
comprising contacting the cancer cell with a thiazolidinedione compound; contacting the cancer 
cell with a chemotherapeutic drug or irradiating the cancer cell with X-ray, UV-irradiation, y- 
irradiation, or microwaves, in amounts effective to inhibit the growth of the cancer cell; and 
contacting the cancer cell with a therapeutic polynucleotide, wherein the therapeutic 
polynucleotide is expressed in the cancer cell. Methods of contacting a cell with a 
polynucleotide such that the polynucleotide is expressed in the cell were well known in the art at 
the time of the present invention. Furthermore, proof of efficacy in clinical trials involving 
humans is not a requirement for patentability. See In re Brana, 51 F.3d 1560 (Fed. Cir. 1995). 
See also Scott v. Finney, 34 F.3d 1058, 1063, 32 U.S.P.Q.2d 1115, 1120 (Fed. Cir. 1994) ("Title 
35 does not demand that such human testing occur within the confines of Patent and Trademark 
(PTO) proceedings."). 

The Action cites Dang, Clin. Cancer Res., 5:471-474 (1999) (hereinafter Dang, Exhibit 
I), for the proposition that the field of gene therapy will need fixrther advancement to make it a 
reality. The Action lists several factors identified by Dang that are known to limit the 
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effectiveness of gene therapy including: the lack of optimal vectors, the lack of stable in vivo 
transgene expression, the adverse host immune response, and the lack of efficient gene delivery 
to target tissues. Appellants respectfully point out, however, that Dang focuses on clinical 
issues, which are above and beyond the standards for patentability. See In re Krimmel, 292 F.2d 
948, 954 (C.C.P.A. 1961) ( "There is nothing in the patent statute or any other statutes . . .which 
gives the Patent Office the right or the duty to require an applicant to prove that compounds or 
other materials which he is claiming, and which he has stated are useful for 'pharmaceutical 
applications,' are safe, effective, and reliable for use with humans."). These generalities in no 
way preclude or render unpredictable cancer therapy using genetic material. 

Although some obstacles have been encountered in certain gene therapy applications, 
there have also been many successes in the field. For example, Dang reports that there are 
approximately 300 approved gene therapy trials (page 471, first paragraph). In addition. Dang 
discusses studies using HIV -based vectors that have shown "no evidence of brisk immune 
responses" to the vectors (paragraph bridging page 471 and 472). Even in studies where the host 
developed an immune response to the vector, the transgene was still expressed (Dang, page 473, 
paragraph bridging column 1 and 2). Furthermore, clinical trail data suggest that ElA-liposome 
gene therapy is a feasible cancer treatment (Dang, page 474, column 1, first full paragraph). 

The Action also cites Eck & Wilson, Gene-based Therapy (1996) (hereinafter Eck, 
Exhibit J) for additional factors that may influence the effects sought to be achieved through 
gene therapy. The Action specifically identifies the unpredictability in levels of transgene 
expression, the duration of the expression, and the in vivo therapeutic effects. Again, Eck 
addresses the clinical effectiveness of gene therapy as a whole. It is important, however, to 
recognize the differences between using gene therapy to treat cancer as compared to inherited 
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disorders. As Eck points out, gene therapy for acquired disorders, such as cancer, is 
mechanistically more flexible than gene therapy for inherited disorders (page 78, column 2, last 
partial paragraph). For example, the duration of expression of the transgene in cancer therapy is 
less of an issue than it is for inherited disorders. In fact, in the treatment of a malignancy, the 
long-term expression of the therapeutic protein could potentially have deleterious consequences 
(Eck, page 82, column 1, first full paragraph). 

Eck actually re-enforces the Appellants' assertion that methods of delivering therapeutic 
polynucleotides to cells were v^ell known in the art at the time the invention was made. 
Numerous DNA delivery strategies are described in the article including viral vectors such as 
retrovirus, adenovirus, adeno-associated virus, and herpes simplex virus- 1 (Eck, page 83-89). 
Several nonviral delivery strategies are also discussed, including liposomes, uncomplexed DNA, 
DNA-coated gold particles, and DNA-protein conjugates (Eck, page 90-92). Likewise, the other 
articles cited in the Action, Miller & Vile, FASEB, 9:190-99 (1995)(Exhibit K); Deonarian, Exp. 
Opin. Then Patents, 8:53-69 (1998)(Exhibit L); and Verma & Somia, Nature, 389:239-242 
(1997)(Exhibit M), also describe numerous methods for the transfer and expression of 
polynucleotides. Applicants contend that the level of skill in the art at the time of the present 
invention was such that the guidance provided in the present disclosure would enable one skilled 
in the art to make and use the claimed invention. As such, the enablement rejection of claim 32 
is improper and should be withdrawn. 

B. Claims 1-8. 16-23, 28. 30. 33-35 and 40-41 are not Anticipated by the Cited 
References 

The Final Office Action mailed on July 1, 2002 ("Action") rejected claims 1-8, 16-23, 28, 
30, 33-35 and 40-41 under 35 U.S.C. § 102(e) as being anticipated by Urban et ai (U.S. Patent 

25236993.1 11 



No. 5,814,647) CTJrban") as evidenced by Medenica et al (U.S. Patent No. 5,736,129) 
("Medenica"), Knight et al (U.S. Patent No. 6,090,407) ("Knight") and Roth et al (U.S. Patent 
No. 5,747,469) ("Roth"). The Action states that Urban teaches that troghtazone and related 
thiazolidinedione compounds can be used in the treatment of climacteric and cancer. The 
Examiner also argues that Urban suggests the use of troglitazone therapy in conjunction with 
chemotherapeutic agents, radiation, or surgery. Although, Urban does not teach specifically the 
chemotherapeutic drugs or types of radiation used, the Examiner argues that the types of 
chemotherapeutic drugs and the types of radiation used in the treatment of cancer are well known 
in the art as evidenced by Medenica, Knight, and Roth. Appellants respectfully traverse this 
rejection. 

For a prior art disclosure to anticipate an applicant's invention, the reference must contain 
an "enabling disclosure." MPEP §2121.01 (quoting In re Hoeksema, 399 F.2d 269, 158 
U.S.P.Q. 596 (C.C.P.A. 1968)). ha addition, the amount of guidance needed to enable the 
invention is inversely related to the predictabihty in the art. MPEP §2164.03 (citing In re 
Fischer, All F.2d 833, 839, 166 U.S.P.Q. 18, 24 (C.C.P.A. 1970)). Appellants submit that 
Urban does not contain an enabling disclosure for methods of treatment as claimed and that the 
use of secondary references is improper and cannot remedy the non-enabling disclosure of 
Urban. 

The Appellants' invention is directed towards a method for inhibiting the growth of a 
cancer cell by treating the cancer with a combination of a thiazolidinedione compound with 
other therapies. In particular, the methods of the presently claimed invention are directed 
towards a method for inhibiting the growth of a cancer cell comprising contacting the cancer cell 
with a thiazolidinedione compound and contacting the cancer cell with a chemotherapeutic drug 
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or irradiating the cancer cell with x-ray irradiation, UV-irradiation, y-irradiation, or microwaves, 
in amounts effective to inhibit the growth of the cancer cell. Prior to the Appellants' disclosure it 
was not known whether the use of thiazolidinedione therapy in combination with other 
chemotherapeutic agents or radiation would inhibit the growth of a cancer cell, in particular if 
inhibition would be less than, equal to, or more than each therapy alone. Based on the art cited 
the success of the combination therapy could not have been predicted and one of skill in the art 
would not come to the conclusion that the art cited would work as claimed in the present 
application. 

The disclosure by Urban of the use of troglitazone in combination with chemotherapeutic 
drugs or radiation, which is provided in two sentences, was merely a prophetic statement with no 
basis for combination therapy provided in the disclosure, experimental or otherwise. Due to the 
lack of predictability in the art, such a disclosure would not enable one of ordinary skill in the art 
to make and use the invention. It is not enough for the Urban reference to state a goal with 
words like that of the claimed invention without an accompanying enabling disclosure. Urban 
does not show that the invention claimed in the present application would work. In fact, Urban 
merely states, "Use of Troglitazone therapy in conjunction with other chemotherapeutic agents, 
radiation, or surgery may in many cases be the preferred mode of treatment. Troglitazone 
treatment therefore, would inhibit the growth of the cancer so that other therapies may be added, 
thereby increasing the likelihood of curing the patient." This clause makes clear that Urban does 
not teach that administration of a thiazolidinedione compound in combination with a 
chemotherapeutic drug or irradiation in amounts effective to inhibit the growth of the cancer cell. 

Furthermore, as stated in the final Office Action on page 11: "...Urban does not teach 
specifically the types of chemotherapeutic drugs and the types of radiation used in combination 
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with the troglitazone therapy. . The courts have ruled that the "tossing out the mere germ of an 
idea does not constitute an enabhng disclosure" and that it is "the specification, not knowledge in 
the art, that must supply the novel aspects of an invention in order to constitute adequate 
enablement." Genentech, Inc. v. Novo NordiskA/S, 42 USPQ 2d 1001. Urban fails to enable the 
use of troglitazone in combination with chemotherapeutic drugs or radiation. The statements of 
Urban, see the proceeding paragraph, may suggest using troglitazone with other therapies, but 
these statements do not teach a method, taken alone or in combination with Medenica, Knight, or 
Roth, for inhibiting the growth of a cancer cell by treating the cancer with a combination of a 
thiazolidinedione compound with other therapies. Appellants note that there is no description of 
combination therapy in Urban and no working or prophetic example is provided. At most, 
combination therapy, as described in Urban, was a mere germ of an idea that is not supported by 
the Urban disclosure. Thus, the use of Urban as an anticipatory reference is improper due to the 
fact that Urban, taken alone or in combination with secondary references, does not teach one of 
ordinary skill methods of treatment using troglitazone in combination with chemotherapeutics or 
irradiation. 

The deficiency of the Urban disclosure can not be remedied by using secondary 
references. Multiple references may be used to a) prove that the primary reference contains an 
enabhng disclosure {In re Samour, 571 F.2d 559, 197 USPQ 1 (CCPA 1978) and In re Donohue, 
766 F.2d 531 226 USPQ 619 (Fed. Cir. 1985)), b) explain the meaning of a term used in the 
primary reference {In re Baxter Travenol Labs, 952 F.2d 388, 21 USPQ2d 1281 (Fed. Cir, 
1991)), or c) show that a characteristic not disclosed in the reference is inherent {Continental 
Can Co. USA v Monsanto Co,, 948 F2d 1264, 1268; 20 USPQ2d 1746, 1749 (Fed, Cir. 1991)) 
(as described in MPEP 2131.01). The Examiner cites the secondary references to provide, not 
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prove, enablement of the Urban disclosure. The Medenica, Knight, and Roth references can not 
be used to provide enablement, /.e., enablement must be found in the anticipating reference not 
in the supporting references. Proving enablement is distinct in that proving is showing that 
enablement is inherent in the anticipating reference, which is not the case for the Urban reference 
as described below. Further, the references fail to provide enablement for treating cancer by 
using a combination of thiazolidinedione with other chemotherapeutic agents or radiation. In 
fact none of the secondary references describe or mention the use of thiazolidinedione in 
combination with other chemotherapeutic agents or radiation. Applicants note, for example, that 
the teaching in Urban, alone or in combination with Medenica, Knight, and Roth, does not 
provide any teaching that would have lead one of ordinary skill in the art to predict that the 
combination therapy taught in the instant specification would have resulted in a reduction of 5- 
FU dose by a factor of 100 (see at least page 57 lines 25-28 and FIG. 5). In fact, one of ordinary 
skill would be unable to predict if a therapy using thiazolidinedione in combination with other 
chemotherapeutic agents or radiation would inhibit the growth of a cancer cell, in particular 
whether the inhibition would be less than, equal to, or more than each therapy alone. 
Accordingly, for the above reasons, Appellants contend that claims 1-8, 16-23, 28, 30, 33-35 and 
40-41 are not anticipated under 35 U.S.C. § 102(e) by Urban et al in light of Medenica, Knight, 
and Roth. 

C. Claims 1-31 and 33-46 are Non-obvious over the Cited References 

The Action rejects claims 1-31 and 33-46 under 35 U.S.C. § 103(a) as being obvious over 
Tontonoz et aL (Proc. Nad, Acad. ScL 94:237-241) ("Tontonoz") in view of Urban et al, (U.S. 
Patent No. 5,814,647), Medenica et al, (U.S. Patent No. 5,736,129), Knight et aL (U.S. Patent 
No. 6,090,407), and Roth et aL (U.S. Patent No. 5,747,469), The Action alleges that it would 
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have been obvious to a person of ordinary skill in the art at the time the invention was made to 
modify the method disclosed by Tontonoz by combining the use of a thiazolidinedione 
compound in conjunction with other chemotherapeutic agents to inhibit the growth of 
liposarcoma cells or mesenchymal tumor cells, or tumor cells expressing PPARy as taught by 
Urban. Appellants respectfully traverse this rejection. 

In order to estabUsh a prima facie case of obviousness, the teaching of the claimed 
combination and the reasonable expectation of success must both be found in the prior art. 
MPEP §2143 (citing In re Vaeck, 947 F.2d 488, 20 U.S.P.Q.2d 1438 (Fed. Cir. 1991)). 
Tontonoz does not teach or suggest that the references be combined and in fact does not teach a 
combination therapy. Tontonoz actually teaches away from combining thiazolidinedione therapy 
with chemotherapeutic drugs or radiation by recommending the use of thiazolidinedione 
compounds as an alternative to conventional chemotherapy. Tontonoz states on p. 237, in the 
paragraph sparming the left and right columns that: "Induction of terminal differentiation 
represents a promising alternative to conventional chemotherapy for certain malignancies." 
(emphasis added) and on page 241, second full paragraph "Our results suggest that the 
thiazolidinedione class of antidiabetic drugs and RXR-specific retinoids may be useful as a 
nontoxic alternative to conventional chemotherapy for the treatment of disseminated or locally 
advanced liposarcoma." (emphasis added). The term "alternative" as defined in Webster's New 
Twentieth Century Dictionary, Unabridged, defines "ahemative" as "that which may be chosen 
or omitted as one of two things, so that if one is taken, the other must be left." (Exhibit N) Thus, 
the Tontonoz reference teaches away from the combination of thiazolidinedione and 
conventional chemotherapy by providing thiazolidinedione therapy as an alternative to 
conventional chemotherapy. 
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Furthermore, Tontonoz as a whole describes a combination of two compounds that act on 
the same molecular entity, a PPARy/RXRa heterodimeric steroid hormone receptor. The 
teaching of Tontonoz is essentially a single therapy consisting of the activation a PPARy/RXRa 
heterodimeric steroid hormone receptor. At most, Tontonoz describes the effect of 
thiazolidinediones and other PPARy/RXRa ligands in the treatment of cancer. Tontonoz does 
not contain any suggestion or motivation to combine its teachings with other references beyond 
PPARy/RXRa ligands for the activation of a particular steroid hormone receptor. 

Urban is said to disclose the use of troghtazone therapy in conjunction with other 
chemotherapeutic agents or radiation; however, Urban does not teach the use of any specific 
chemotherapeutic drugs or types of radiation. Moreover, the statement disclosing the use of 
troglitazone in combination with chemotherapeutic drugs or radiation is a mere suggestion with 
no teaching of a method using troglitazone therapy in conjunction with other chemotherapeutic 
agents or radiation. One of ordinary skill in the art, in light of the teaching Tontonoz in view of 
Urban, would not be able to make and use the claimed invention, or have a reasonable 
expectation that such a method would succeed. As discussed in the argument against the 
anticipation rejection above, the Urban reference is not enabled for a "method for inhibiting the 
growth of a cancer cell comprising contacting the cancer cell with a thiazolidinedione compound 
and contacting the cancer cell with a chemotherapeutic drug or irradiating the cancer cell with x- 
ray irradiation, UV-irradiation, y-irradiation, or microwaves, in amounts effective to inhibit the 
growth of the cancer cell." 

Fiuthermore, none of the other cited references remedies this defect. Applicants note, for 
example, that the teaching in Urban, alone or in combination with Medenica, Knight, and Roth, 
does not provide any teaching that would have lead one of ordinary skill in the art to predict that 
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the combination therapy taught in the instant specification would have resulted in a reduction of 
5-FU dose by a factor of 100 (see at least page 57 lines 25-28 and FIG. 5). A fact that the 
Examiner has failed to consider. Therefore, in the cited references, there is no reasonable 
expectation of success in practicing the claimed invention. The only expectation of success in 
this instance is derived from the application itself, which is not permitted {Hodosh v Block Drug 
Co. Inc., 786 F.2d 1136, 1143 n.5, 229 USPQ 182, 187 n.5 (Fed. Cir. 1986); MPEP 2141) 
Accordingly, there is no prima facie case of obviousness. 

At most, the references disclose that one skilled in the art might find it "obvious-to-try" 
the claimed invention. An "obvious-to-try" situation exists when a general disclosure piques the 
scientist's curiosity, "such that further investigation might be done as a result of the disclosure, 
but the disclosure itself does not contain sufficient teaching of how to obtain the desired result, 
or that the claimed result would be obtained if certain directions were pursued." In re Eli Lilly & 
Co,, 902 F.2d 943, 945, 14 U.S.P.Q.2d 1741, 1743 (Fed. Cir. 1990). The Federal Circuit has 
consistently held that "obvious to try" is not to be equated with obviousness under 35 U.S.C. 
§103. Gillette Co. v. S.C Johnson & Son, Inc., 919 F.2d 720, 725, 16 U.S.P.Q.2d 1923, 1928 
(Fed. Cir. 1990). This rejection is inappropriate and should be withdravra. 

In regard to claims 1-31 and 33-46 not standing or falling together with respect to 
rejection under 35 U.S.C. § 103(a) the following reasoning is provided with incorporation of the 
argumentation presented above. In order to establish a prima facie case of obviousness there 
must be, in the references taken as a whole, a teaching of the claimed combination and a 
reasonable expectation of success. Furthermore, the prior art references when combined must 
teach or suggest all claim limitations, MPEP §2143 (citing In re Rouffet, 149 F.3d 1350, 1357 
47 USPQ2d 1453, 1457-58 (Fed. Cir. 1998); In re Merck & Co., Inc. 800 F.2d 1091, 231 USPQ 
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375 (Fed. Cir. 1986); In re Vaeck, 947 F.2d 488, 20 U.S.P.Q.2d 1438 (Fed. Cir. 1991) and In re 
Royka, 490 F.2d 981, 180 USPQ 580 (CCPA 1974)). 

Claims 8 and 35 are distinct from all other claims due to the fact that these claims further 
comprise the inhibition of cancer cells in vivo. The references, purportedly supporting a 35 
U.S.C. §103(a), taken as a whole, do not teach all the limitations provided in claim 8 or 35. 
Thus, there are additional arguments for the withdrawal of the 35 U.S.C. § 103(a) rejections of 
claims 8 and 35. Accordingly, claims 8 and 35 do not stand or fall with claims 1-7, 9-31, 33-34, 
and 36-46. 

Claims 16-24 are distinct from all other claims due to the fact that these claims further 
comprise administration of particular chemotherapeutic agents or classes of chemotherapeutic 
agents in combination with thiazolidinedione. The references, purportedly supporting a 35 
U.S.C. §103(a), taken as a whole, do not teach all limitations provided in claim 16-24 nor do the 
references provide a reasonable expectation for the success of the invention as claimed in 16-24. 
Thus, there are additional arguments for the withdrawal of the 35 U.S.C. § 103(a) rejections of 
the claims. Accordingly, claims 8 and 35 do not stand or fall with claims 1-7, 9-31, 33-34, and 
36-46. 

Claim 25 is distinct from all other claims due to the fact that this claim further comprises 
administration of a thiazolidinedione compound by various methods of administration. The 
references, purportedly supporting a 35 U.S.C. § 103(a), taken as a whole do not suggest or 
motivate one to combine the references, provide a reasonable expectation for success, or teach all 
limitations provided in claim 25 for a combination treatment using a thiazolidinedione compound 
administered regionally, endoscopically, intravenously, intralesionally, percutaneously, 
subcutaneously, intraperitoneally, intratracheally, intramuscularly, or by perfusion. Thus, there 
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are additional arguments for the withdrawal of the 35 U.S.C. § 103(a) rejection of the claim. 
Accordingly, claim 25 does not stand or fall with claims 1-24, 26-31, and 33-46. 

Claim 27 is distinct from all other claims due to the fact that this claim is directed to the 
inhibition of cancer cells by administration of a thiazolidinedione compound and a 
chemotherapeutic agent simultaneously. The references, purportedly supporting a 35 U.S.C. 
§ 103(a), taken as a whole do not suggest or motivate one to combine the references, provide a 
reasonable expectation for success, or teach all limitations provided in claim 27. Thus, there are 
additional arguments for the withdrawal of the 35 U.S.C. §103(a) rejection of the claim. 
Accordingly, claim 27 does not stand or fall with claims 1-26, 28-31, and 33-46. 

Claims 29-31 are distinct from all other claims due to the fact that these claims fiirther 
comprise administration of a thiazolidinedione compound and a chemotherapeutic drug or 
irradiating the cancer cell with X-ray irradiation, UV-irradiation, y-irradiation, or microwaves, in 
amounts effective to inhibit the growth of a tumor cell, and fiuther comprising resecting the 
tumor and contacting the tumor at the same time as irradiation. The references, purportedly 
supporting a 35 U.S.C. § 103(a), taken as a whole do not suggest or motivate one to combine the 
references, provide a reasonable expectation for success, or teach all limitations provided in 
claims 29-31. Thus, there are additional arguments for the withdrawal of the 35 U.S.C. § 103(a) 
rejections of the claims. Accordingly, claims 29-31 do not stand or fall with claims 1-28 and 33- 
46. 

Claim 33 is distinct from all other claims due to the fact that this claim comprises 
administering to the patient troglitazone and a chemotherapeutic drug in an amount effective to 
produce a therapeutic benefit. The references, purportedly supporting a 35 U.S.C. § 103(a), taken 
as a whole do not suggest or motivate one to combine the references, provide a reasonable 
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expectation for success, or teach all limitations provided in claim 33. Thus, there are additional 
arguments for the withdrawal of the 35 U.S.C. §103(a) rejections of the claims. Accordingly, 
claim 33 does not stand or fall with claims 1-31 and 34-46. 

Claim 36 is distinct from all other claims due to the fact that this claim comprises the 
steps of identifying a patient having a resectable tumor, resecting said tumor, and contacting the 
tumor bed with a therapeutically effective amount of troglitazone and a chemotherapeutic drug. 
The references, purportedly supporting a 35 U.S.C. § 103(a), taken as a whole do not suggest or 
motivate one to combine the references, provide a reasonable expectation for success, or teach all 
limitations provided in claim 36. Thus, there are additional arguments for the withdrawal of the 
35 U.S.C. §103(a) rejections of the claims. Accordingly, claim 36 does not stand or fall with 
claims 1-31 and 33-35, and 37-46. 

Claim 37 is distinct from all other claims due to the fact that this claim comprises the 
steps of surgically revealing a tumor, and contacting the tumor with a therapeutically effective 
amount of troglitazone and a chemotherapeutic drug. The references, purportedly supporting a 
35 U.S.C. § 103(a), taken as a whole do not suggest or motivate one to combine the references, 
provide a reasonable expectation for success, or teach all limitations provided in claim 37. Thus, 
there are additional arguments for the withdrawal of the 35 U.S.C. §103(a) rejections of the 
claims. Accordingly, claim 37 does not stand or fall with claims 1-31 and 33-36, and 38-46. 

Claim 38 is distinct from all other claims due to the fact that this claim comprises the step 
of perfusing a tumor, over an extended period of time, with a therapeutically effective amount of 
troglitazone and a chemotherapeutic drug. The references, purportedly supporting a 35 U.S.C. 
§ 103(a), taken as a whole do not suggest or motivate one to combine the references, provide a 
reasonable expectation for success, or teach all limitations provided in claim 38. Thus, there are 
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additional arguments for the withdrawal of the 35 U.S.C. § 103(a) rejections of the claims. 
Accordingly, claim 38 does not stand or fall with claims 1-31 and 33-37, and 39-46. 

Claim 39 is distinct from all other claims due to the fact that this claim requires that the 
thiazolidinedione and the chemotherapeutic agent are combined in a therapeutic formulation. 
The references, purportedly supporting a 35 U.S.C. § 103(a), taken as a whole do not suggest or 
motivate one to combine the references, provide a reasonable expectation for success, or teach all 
limitations provided in claim 39. Thus, there are additional arguments for the withdrawal of the 
35 U.S.C. §103(a) rejections of the claims. Accordingly, claim 39 does not stand or fall with 
claims 1-31 and 33-38, and 40-46. 
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X. CONCLUSION 

In light of the foregoing, Appellants respectfully submit that the claims on appeal satisfy 
35 U.S.C. §112, are not anticipated under 35 U.S.C. §102(e) by the cited art, and are not 
rendered obvious under 35 U.S.C. §103(a) by the cited art. Reconsideration and withdrawal of 
the rejection is respectfully requested. 

Please date stamp and return the enclosed postcard to evidence receipt of this document. 

Respectfully submitted, 




FULBRIGHT & JAWORSKI L.L.P. 
600 Congress Avenue, Suite 2400 
Austin, Texas 78701 
512-536-5674 



Charles P. Landrum 
Reg. No. 46,855 
Agent for Applicant 



Date: F^>P<Uarv^ 1 ^2^'1> 
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Group Art Unit: 1646 

Examiner: Nguyen, Q. 

Atty. Dkt. No.: UTSG:239/GNS 



AMENDMENT UNDER 37 C.F.R. S 1.116 



BOXAF 

Commissioner for Patents 
Washington, D.C. 20231 

Commissioner: 

Applicants respectfully request that the following amendment be entered in the captioned 
patent application in accordance with 37 C.F.R. §1.116. Applicants submit the foregoing 
amendment to place the case in even better condition for allowance or appeal. 
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It is believed that no fee is due; however, should any fees under 37 C.F.R. §§ 1.16 to 1.21 
be required for any reason relating to this document, the Commissioner is authorized to deduct 
said fees from Fulbright & Jaworski Account No.: 50-1212/UTSG:239. 

Reconsideration of the application in view of the following amendment and remarks is 
respectfully requested. 

AMENDMENT 
Please make the following amendments. 
In the Specification: 

On page 15 please replace the phrase "FIG. 17" with "FIG. 17A-17C". 
On page 15 please replace the phrase "FIG. 18" with "FIG. 18A-18B". 

In the Claims: 

Please amend claims to read as follows. 

18. (Amended) The method of claim 17, wherein the chemotherapeutic drug comprises an 
alkylating agent. 

34. (Amended) A method for inhibiting the cell cycle progression of a mammalian cancer 
cell comprising contacting the cell with an amoimt of troglitazone and a chemotherapeutic drug 
effective to inhibit the cell cycle progression of the cell. 

REMARKS 

Claims 1-46 are pending. Claims 18 and 34 are amended herein. The amendment to 
claim 18 is to correct a typographical error in the word "alkylating". The amendment to claim 34 
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is to make the scope of this claim consistent with the scope of the other claims by reciting "and a 
chemotherapeutic drug." 

Support for the amended claims can be found in the Specification and in the originally 
filed claims that form part of this application's written description. Applicants contend that no 
new matter has been added. A copy of the claim amendments can be found in Appendix A. A 
copy of the pending claims including the amendments made herein is provided in Appendix B. 

This amendment is filed concurrently with an Appeal Brief The Examiner is invited to 
contact the undersigned agent at (512) 536-5674 with any questions, comments or suggestions 
relating to the referenced patent application. 



Respectfully submitted, 

Charles P. Landrum 
Reg. No. 46,855 

FULBRIGHT & JAWORSKI, L.L.P. Agent for Applicant 

600 Congress Avenue, Suite 1900 
Austin, Texas 78701 
(512)474-5201 

Date: February 7, 2003 
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APPENDIX A: 

VERSION OF CLAIM AMENDMENTS MARKED TO SHOW CHANGES 



In the claims: 

18. (Amended) The method of claim 17, wherein the chemotherapeutic drug comprises an 
alkylating [alklyating] agent. 

34. A method for inhibiting the cell cycle progression of a mammalian cancer cell 
comprising contacting the cell with an amount of troglitazone and a chemotherapeutic drug 
effective to inhibit the cell cycle progression of the cell. 
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APPENDIX B: 
PENDING CLAIMS (UNOFFICIAL) 



1 . A method for inhibiting the growth of a cancer cell comprising 

(i) contacting the cancer cell with a thiazolidinedione compound; and 

(ii) contacting the cancer cell with a chemotherapeutic drug or irradiating the cancer 
cell with X-ray irradiation, UV-irradiation, y-irradiation, or microwaves, in 
amounts effective to inhibit the growth of the cancer cell. 

2. The method of claim 1, wherein the thiazolidinedione compound is a troglitazone. 

3. The method of claim 1, wherein the thiazolidinedione compound is a pioglitazone. 

4. The method of claim 1, wherein the thiazolidinedione compound is a rosiglitazone. 

5. The method of claim 1, wherein the cancer cell is a mammalian cancer cell. 

6. The method of claim 5, wherein the cancer cell is a himian cancer cell. 

7. The method of claim 1, wherein the contacting occurs in vitro, 

8. The method of claim 1, wherein the contacting occurs in vivo, 

9. The method of claim 1, wherein the cancer cell is selected from a group consisting of a 
bladder, blood, bone, bone marrow, brain, breast, colon, esophagus, gastrointestine, head, 
kidney, liver, limg, nasopharynx, neck, ovary, prostate, skin, stomach, and uterus cell. 

10. The method of claim 9, wherein the cancer cell expresses PPAR-y. 

11. The method of claim 9, wherein the cancer cell is a bone cancer cell. 

12. The method of claim 11, wherein the bone cancer cell is an osteosarcoma cell. 

13. The method of claim 11, wherein the cancer cell is a precxirsor to osteosarcoma. 

14. The method of claim 9, wherein the cancer cell is an ovarian cancer cell. 

15. The method of claim 9, wherein the cancer cell is a renal cancer cell. 

16. The method of claim 1, wherein the cancer cell is contacted with a chemotherapeutic 
drug. 
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17. The method of claim 16, wherein the chemotherapeutic drug comprises an alkylating 
agent, mitotic inhibitor, antibiotic, nitrosurea, antimetabolite, corticosteroid hormone, or other 
antineoplastic agent. 

18. The method of claim 17, wherein the chemotherapeutic drug comprises an alkylating 
agent. 

19. The method of claim 17, wherein the chemotherapeutic drug comprises a mitotic 
inhibitor. 

20. The method of claim 17, wherein the chemotherapeutic drug comprises an antibiotic. 

21. . The method of claim 1 7, wherein the chemotherapeutic drug comprises a nitrosourea. 

22. The method of claim 17, wherein the chemotherapeutic drug comprises an antimetabolite. 

23. The method of claim 17, wherein the chemotherapeutic drug comprises a corticosteroid 
hormone. 

24. The method of claim 17, wherein the chemotherapeutic drug comprises an antineoplastic 
agent. 

25. The method of claim 1, wherein the thiazolidinedione compoxmd is contacted with a 
cancer cell by administering the thiazolidinedione regionally, endoscopically, intravenously, 
intralesionally, percutaneously, subcutaneously, intraperitoneally, intratracheally, 
intramuscularly, or by perfusion. 

26. The method of claim 17, wherein the thiazolidinedione and the chemotherapeutic drug 
are suitably dispersed in a pharmacologically acceptable formulation. 

27. The method of claim 1, wherein the thiazolidinedione compoxmd is contacted with the 
cancer cell at the same time as contact with the chemotherapeutic agent. 

28. The method of claim 1, wherein the cancer cell is a tumor cell in a tumor. 

29. The method of claim 28, further comprising resecting the tumor. 

30. The method of claim 28, wherein the cancer cell is irradiated with X-ray irradiation, UV- 
irradiation, -irradiation, or microwaves. 
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3 1 . The method of claim 30, wherein the thiazoHdinedione compound is contacted with the 
cancer cell at the same time as irradiation. 

32. The method of claim 25, further comprising contacting the cancer cell with a therapeutic 
polynucleotide selected from the group consisting of a Dp gene, p21, pi 6, p27, E2F, Rb, APC, 
DC, NF-1, NF-2, WT-1, MEN-I, MEN-H, BRCAl, VHL, FCC, MCC, ras, myc, neu, raf, erb, 
srcyfinsjun, trky ret, gsp, hst, bcl, abl, Bax, Bcl-X-g and El A; wherein the therapeutic 

polynucleotide is expressed in the cancer cell. 

33. A method for treating cancer in a patient comprising administering to the patient 
troglitazone and a chemotherapeutic drug in an amoimt effective to produce a therapeutic benefit. 

34. A method for inhibiting the cell cycle progression of a mammalian cancer cell 
comprising contacting the cell with an amount of troglitazone and a chemotherapeutic drug 
effective to inhibit the cell cycle progression of the cell. 

35. A method of treating cancer in a patient comprising administering to the patient a 
therapeutically effective amount of troglitazone and a chemotherapeutic drug. 

36. A method for treating microscopic residual cancer comprising the steps of; 

(i) identifying a patient having a resectable tumor; 

(ii) resecting said tumor; and 

(iii) contacting the tumor bed with a therapeutically effective amount of troglitazone 
and a chemotherapeutic drug. 

37. A method for treating a subject having a tumor comprising the steps of: 

(i) surgically revealing said tumor; and 

(ii) contacting said tumor with a therapeutically effective amount of troglitazone and 
a chemotherapeutic drug. 

38. A method for treating a subject having a tumor comprising the step of perfusing said 
tumor, over an extended period of time, with a therapeutically effective amount of troglitazone 
and a chemotherapeutic drug. 

39. The method of claun 27, wherein the thiazoHdinedione and the chemotherapeutic agent 
are combined in a therapeutic formulation. 

40. A method for inhibiting the growth of a cancer cell comprising i) contacting the cancer 
cell with a composition comprising troglitazone and ii) contacting the cancer cell with a 
chemotherapeutic agent or irradiating the cancer cell, in amoimts effective to inhibit growth of 
the cancer cell. 
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41. The method of claim 40, wherein the cancer cell is contacted with a chemotherapeutic 
agent. 

42. The method of claim 41, wherein the composition comprises troglitazone and a 
chemotherapeutic agent. 

43. The method of claim 40, wherein the cancer cell is a bone cancer cell. 

44. The method of claim 43, wherein the bone cancer cell is an osteosarcoma cell. 

45. The method of claim 40, wherein the cancer cell is an ovarian cancer cell. 

46. The method of claim 40, wherein the cancer cell is a renal cancer cell. 
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EXHIBIT B 

COPY OF PENDING CLAIMS IF AMENDMENT IS ENTERED 



1 . A method for inhibiting the growth of a cancer cell comprising: 

(i) contacting the cancer cell with a thiazolidinedione compound; and 

(ii) contacting the cancer cell with a chemotherapeutic drug or irradiating the cancer 
cell with X-ray irradiation, UV-irradiation, y-irradiation, or microwaves, in 
amounts effective to inhibit the growth of the cancer cell. 



2. 


The 


method 


of claim 


1, 


wherein 


the 


thiazolidinedione compound is a troglitazone. 


3. 


The 


method 


of claim 


1, 


wherein 


the 


thiazolidinedione compound is a pioglitazone. 


4. 


The 


method 


of claim 


1, 


wherein 


the 


thiazolidinedione compound is a rosiglitazone. 


5. 


The 


method 


of claim 


1, 


wherein 


the 


cancer cell is a mammalian cancer cell. 


6. 


The 


method 


of claim 


5, 


wherein 


the 


cancer cell is a himian cancer cell. 


7. 


The 


method 


of claim 


1, 


wherein 


the 


contacting occurs in vitro. 


8. 


The 


method 


of claim 


1, 


wherein 


the 


contacting occurs in vivo. 


9. 


The 


method 


of claim 


1, 


wherein 


the 


cancer cell is selected from a group consisting of a 



bladder, blood, bone, bone marrow, brain, breast, colon, esophagus, gastrointestine, head, 
kidney, hver, lung, nasopharynx, neck, ovary, prostate, skin, stomach, and uterus cell. 

10. The method of claim 9, wherein the cancer cell expresses FPAR-y. 

11. The method of claim 9, wherein the cancer cell is a bone cancer cell. 

12. The method of claim 11, wherein the bone cancer cell is an osteosarcoma cell. 

13. The method of claim 11, wherein the cancer cell is a precursor to osteosarcoma. 

14. The method of claim 9, wherein the cancer cell is an ovarian cancer cell. 

1 5. The method of claim 9, wherein the cancer cell is a renal cancer cell. 

16. The method of claim 1, wherein the cancer cell is contacted with a chemotherapeutic 
drug. 
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17. The method of claim 16, wherein the chemotherapeutic drug comprises an alkylating 
agent, mitotic inhibitor, antibiotic, nitrosurea, antimetabolite, corticosteroid hormone, or other 
antineoplastic agent. 



18. The method of claim 17, wherein the chemotherapeutic drug comprises an alkylating 
agent. 

19. The method of claim 17, wherein the chemotherapeutic drug comprises a mitotic 
inhibitor. 

20. The method of claim 17, wherein the chemotherapeutic drug comprises an antibiotic. 

21. The method of claim 17, wherein the chemotherapeutic drug comprises a nitrosourea. 

22. The method of claim 17, wherein the chemotherapeutic drug comprises an antimetabolite. 

23. The method of claim 17, wherein the chemotherapeutic drug comprises a corticosteroid 
hormone. 

24. The method of claim 17, wherein the chemotherapeutic drug comprises an antineoplastic 
agent. 

25. The method of claim 1, wherein the thiazolidinedione compound is contacted with a 
cancer cell by administering the thiazolidinedione regionally, endoscopically, intravenously, 
intralesionally, percutaneously, subcutaneously, intraperitoneally, intratracheally, 
intramuscularly, or by perfusion. 

26. The method of claim 17, wherein the thiazolidinedione and the chemotherapeutic drug 
are suitably dispersed in a pharmacologically acceptable formulation. 

27. The method of claim 1, wherein the thiazolidinedione compound is contacted with the 
cancer cell at the same time as contact with the chemotherapeutic agent. 

28. The method of claim 1, wherein the cancer cell is a tumor cell in a tumor. 

29. The method of claim 28, further comprising resecting the tumor. 

30. The method of claim 28, wherein the cancer cell is irradiated with X-ray irradiation, UV- 
irradiation, -irradiation, or microwaves. 
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31. The method of claim 30, wherein the thiazoHdinedione compound is contacted with the 
cancer cell at the same time as irradiation. 

32. The method of claim 25, further comprising contacting the cancer cell with a therapeutic 
polynucleotide selected from the group consisting of a Dp gene, p21, pl6, p27, E2F, Rb, APC, 
DC, NF-1, NF-2, WT-1, MEN-I, MEN-II, BRCAl, VHL, FCC, MCC, ras, myc, neu, raf, erb, 
src.fmsjun, trk, ret, gsp, hst, bcl, abl, Bax, Bcl-Xg and El A; wherein the therapeutic 

polynucleotide is expressed in the cancer cell. 

33. A method for treating cancer in a patient comprising administering to the patient 
troglitazone and a chemotherapeutic drug in an amount effective to produce a therapeutic benefit. 

34. A method for inhibiting the cell cycle progression of a mammaUan cancer cell 
comprising contacting the cell with an amount of troglitazone and a chemotherapeutic drug 
effective to inhibit the cell cycle progression of the cell. 

35. A method of treating cancer in a patient comprising administering to the patient a 
therapeutically effective amount of troglitazone and a chemotherapeutic drug. 

36. A method for treating microscopic residual cancer comprising the steps of: 

(i) identifying a patient having a resectable tumor; 

(ii) resecting said tumor; and 

(iii) contacting the tumor bed with a therapeutically effective amount of troglitazone 
and a chemotherapeutic drug. 

37. A method for treating a subject having a tumor comprising the steps of: 

(i) surgically revealing said tumor; and 

(ii) contacting said tumor with a therapeutically effective amount of troglitazone and 
a chemotherapeutic drug. 

38. A method for treating a subject having a tumor comprising the step of perfusing said 
tumor, over an extended period of time, with a therapeutically effective amount of troghtazone 
and a chemotherapeutic drug. 

39. The method of claim 27, wherein the thiazoHdinedione and the chemotherapeutic agent 
are combined in a therapeutic formulation. 

40. A method for inhibiting the growth of a cancer cell comprising: 

i) contacting the cancer cell with a composition comprising troglitazone; and 

ii) contacting the cancer cell with a chemotherapeutic agent or irradiating the cancer 
cell, in amounts effective to inhibit growth of the cancer cell. 
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41 . The method of claim 40, wherein the cancer cell is contacted with a chemotherapeutic 
agent. 

42. The method of claim 41, wherein the composition comprises trogUtazone and a 
chemotherapeutic agent. 

43. The method of claim 40, wherein the cancer cell is a bone cancer cell. 

44. The method of claim 43, wherein the bone cancer cell is an osteosarcoma cell. 

45. The method of claim 40, wherein the cancer cell is an ovarian cancer cell. 

46. The method of claim 40, wherein the cancer cell is a renal cancer cell. 
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EXHIBIT C 

COPY OF PENDING CLAIMS IF AMENDMENT IS NOT ENTERED 

1 . A method for inhibiting the growth of a cancer cell comprising: 

(i) contacting the cancer cell with a thiazolidinedione compound; and 

(ii) contacting the cancer cell with a chemotherapeutic drug or irradiating the cancer 
cell with X-ray irradiation, UV-irradiation, y-irradiation, or microwaves, in 
amounts effective to inhibit the growth of the cancer cell. 

2. The method of claim 1, wherein the thiazoHdinedione compound is a troglitazone. 

3. The method of claim 1, wherein the thiazolidinedione compound is a pioglitazone. 

4. The method of claim 1, wherein the thiazolidinedione compound is a rosiglitazone. 

5. The method of claim 1, wherein the cancer cell is a manmialian cancer cell. 

6. The method of claim 5, wherein the cancer cell is a human cancer cell. 

7. The method of claim 1, wherein the contacting occurs in vitro, 

8. The method of claim 1, wherein the contacting occurs in vivo, 

9. The method of claim 1, wherein the cancer cell is selected from a group consisting of a 
bladder, blood, bone, bone marrow, brain, breast, colon, esophagus, gastrointestine, head, 
kidney, liver, lung, nasopharynx, neck, ovary, prostate, skin, stomach, and uterus cell. 

10. The method of claim 9, wherein the cancer cell expresses PPAR-y. 

1 1 . The method of claim 9, wherein the cancer cell is a bone cancer cell. 

12. The method of claim 11, wherein the bone cancer cell is an osteosarcoma cell. 

13. The method of claim 11, wherein the cancer cell is a precursor to osteosarcoma. 

14. The method of claim 9, wherein the cancer cell is an ovarian cancer cell. 

15. The method of claim 9, wherein the cancer cell is a renal cancer cell. 

16. The method of claim 1, wherein the cancer cell is contacted with a chemotherapeutic 
drug. 
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17. The method of claim 16, wherein the chemotherapeutic drug comprises an alkylating 
agent, mitotic inhibitor, antibiotic, nitrosurea, antimetabolite, corticosteroid hormone, or other 
antineoplastic agent. 

1 8. The method of claim 1 7, wherein the chemotherapeutic drug comprises an alklyating 
agent. 

19. The method of claim 17, wherein the chemotherapeutic drug comprises a mitotic 
inhibitor. 

20. The method of claim 17, wherein the chemotherapeutic drug comprises an antibiotic. 

21 . The method of claim 17, wherein the chemotherapeutic drug comprises a nitrosourea. 

22. The method of claim 17, wherein the chemotherapeutic drug comprises an antimetabolite. 

23. The method of claim 17, wherein the chemotherapeutic drug comprises a corticosteroid 
hormone. 

24. The method of claim 17, wherein the chemotherapeutic drug comprises an antineoplastic 
agent. 

25. The method of claim 1, wherein the thiazolidinedione compound is contacted with a 
cancer cell by administering the thiazolidinedione regionally, endoscopically, intravenously, 
intralesionally, percutaneously, subcutaneously, intraperitoneally, intratracheally, 
intramuscularly, or by perfusion. 

26. The method of claim 17, wherein the thiazohdinedione and the chemotherapeutic drug 
are suitably dispersed in a pharmacologically acceptable formulation. 

27. The method of claim 1, wherein the thiazolidinedione compound is contacted with the 
cancer cell at the same time as contact with the chemotherapeutic agent. 

28. The method of claim 1, wherein the cancer cell is a tumor cell in a tumor. 

29. The method of claim 28, further comprising resecting the tumor. 

30. The method of claim 28, wherein the cancer cell is irradiated with X-ray irradiation, UV- 
irradiation, -irradiation, or microwaves. 
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31. The method of claim 30, wherein the thiazoHdinedione compound is contacted with the 
cancer cell at the same time as irradiation. 

32. The method of claim 25, further comprising contacting the cancer cell with a therapeutic 
polynucleotide selected from the group consisting of a Dp gene, p2l5 pl6, p27, E2F, Rb, APC, 
DC, NF-1, NF-2, WT-1, MEN-I, MEN-II, BRCAl, VHL, FCC, MCC, ras, myc, neu, raf, erb, 
src, fins Jun, trk, ret, gsp, hst, bcl, abl, Bax, Bcl-Xg and El A; wherein the therapeutic 

polynucleotide is expressed in the cancer cell. 

33. A method for treating cancer in a patient comprising administering to the patient 
troglitazone and a chemotherapeutic drug in an amount effective to produce a therapeutic benefit. 

34. A method for inhibiting the cell cycle progression of a mammalian cancer cell 
comprising contacting the cell with an amount of troglitazone effective to inhibit the cell cycle 
progression of the cell. 

35. A method of treating cancer in a patient comprising administering to the patient a 
therapeutically effective amount of troglitazone and a chemotherapeutic drug. 

36. A method for treating microscopic residual cancer comprising the steps of: 

(i) identifying a patient having a resectable tumor; 

(ii) resecting said tumor; and 

(iii) contacting the tumor bed with a therapeutically effective amount of troglitazone 
and a chemotherapeutic drug. 

37. A method for treating a subject having a tumor comprising the steps of: 

(i) surgically revealing said tumor; and 

(ii) contacting said tumor with a therapeutically effective amount of troglitazone and 
a chemotherapeutic drug. 

38. A method for treating a subject having a tumor comprising the step of perfusing said 
tumor, over an extended period of time, with a therapeutically effective amount of troglitazone 
and a chemotherapeutic drug. 

39. The method of claim 27, wherein the thiazoHdinedione and the chemotherapeutic agent 
are combined in a therapeutic formulation. 

40. A method for inhibiting the growth of a cancer cell comprising: 

i) contacting the cancer cell with a composition comprising troglitazone; and 

ii) contacting the cancer cell with a chemotherapeutic agent or irradiating the cancer 
cell, in amounts effective to inhibit growth of the cancer cell. 
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41. The method of claim 40, wherein the cancer cell is contacted with a chemo therapeutic 
agent. 

42. The method of claim 41, wherein the composition comprises troglitazone and a 
chemotherapeutic agent. 

43. The method of claim 40, wherein the cancer cell is a bone cancer cell. 

44. The method of claim 43, wherein the bone cancer cell is an osteosarcoma cell. 

45. The method of claim 40, wherein the cancer cell is an ovarian cancer cell. 

46. The method of claim 40, wherein the cancer cell is a renal cancer cell. 



25236993.1 



United States Patent ii9] 

Urban et al. 



US005814647A 
[11] Patent Number: 
[45] Date of Patent: 



5,814,647 
Sep. 29, 1998 



[54] USE OF TROGLriAZONE AND RELATED 
COMPOUNDS FOR THE TREATMENT OF 
THE CLIMACTERIC SYMPTOMS 

[75] Inventors: RandaU J. Urban. Eriendswood; Allan 
Green. Galveston, both of Tex. 

[73] Assignee: Board of Regents, The Univeraty of 
Texas System, Austin, Tex. 

[21] AppL No.: 8Uy419 
[22] File± Mar. 4, 1997 

[51] Int CL* A61K 31/44; A61K 31/425; 

A61K 31/41 

[52] U^. a 514A569; 514/252; 514/256; 

514/342; 514/360; 514/375; 514^376 

[58] Field of Seardi : 514/252. 256, 

514/342, 360, 369, 375, 376 

[56] References Cited 

U.S: PATENT DOCUMENTS 

5.478,852 12/1995 Olefisky ct al 514/369 

OTHER PUBUCAnONS 

Barentsen R, Eur J Obs Gyn & Repr Biol 64 Suppl:s7-ll, 
1996. . 

Berge et aL, 'Thannaceutical Salts,** /. Phamu Science. 
66il-19, 1977. . 

Connelly EF. Budd GT, Seminars in Oncology 23:16-21, 
1996. 

Dunaif , Scott Finegood, Quintana, Whitcomb, *The insu- 
lin-sensitizing agent Troglitazone improves metabolic and 
reproductive abnormalities in the polycystic ovary syn- 
drome,** / CUru Endocnnol Metab., 813299-3306, 1996. 
Forman, Tontonoz, ^ Chen, Brun, Spiegelman, Evans, 
"IS-Deoxy-delta"" '^"Prostaglandin Jj is a ligand for the 
adipocyte determination factor PPAR ganmmrCell. 
83:803-^12. 1995. 

Iwamoto et al., **Effects of Troglitazone: A New Hypogly- 
cemic Agent in Patients with NIDDM Poorly ControUed by 
Diet Therapy.** Diabetes Care. 19(2): 15 1-156. 1996. 
Kellcrer et aL. *TVoglitazone Prevents Glucose-Induced 
Insulin Resistance of Insulin Receptor in Rat-1 Fiteoblasts,** 
Diabetes, 43:447-453, 1994. 

Kliewer, Lenhard, Wilson. Patel, Morris, Lehman, "A pros- 
taglandin J2 metabolite binds peroxisome proliferator-acti- 
vated rccq)tor gairnna and promotes adipocyte differentia- 
tion.'* CeU. 83:813-819. 1995. 

Lehmann. Moore, Smith-Oliver, Wilkison, WUlson, 
idiewer, **An antidiabetic thiazolidinedionc is a high affinity 
ligand for peroxisome proliferator-activated receptor 
gamma (PPARgamma),** J. BioL Chenu. 270:12953-12956, 
1995. 

Marcus, Cqwne, RachubinskL *ldentification of COUP-T- 
Fn as a peroxisome {ffolifcrator response cl ement binding 
factor using genetic selection in yeast: COUP-TFII activates 
transcriptioa in yeast but antagonizes PPAR signaling in 
mammalian cclL** MoL Cell EndocrinoL 120:31-39. 1996^ 
Miller, "Molecular biology of steroid hormone syntfiesis.** 
Endocn Rev.. 9:295-318, 1988. 



Motojima, "Pffoxisome proliferator-activated receptor 
(PPAR): Structure, medianisras of activation and diverse 
functions.** Cell Structure and Function, 18:267-277. 1993. 
Nolan, Ludvik, Beerdscn. Joyce. Olefsky, 'Improvement in 
glucose tolerance and insulin resistance in obese subjects 
treated with Troglitazone,** N. Engl. J. Med.. 
331:1188-1193, 1994. 

Odell PF. Journal of Otolaryngology 25:7-13. 1996. 
Pierce WC. Figlin RA. Curr Opin Oncology 5343-352. 
1992. 

Rainey. Sawctawan. Shay. Michael Mathis, Kutlch, Byrd, 
Cart, "Transformation of human granulosa cells with the E6 
and E7 regions of human papiUomavirus," 7. Clin, Endo- 
crinoL Afetob., 78:705-710, 1994. 
Shmookler et aL, "Giant Cell Fibroblastoma : A Juvenile 
Form of E>ermatofibrosarcoma Protuba-ans,** Ganca. 
64:2154-2161, 1989. 

Shaaban MM. 'The perimenopause and contratception** 
Maturitas 23:181-192, 1996. 

Sutter ct al., "Metabolic Effects of New Oral Hypoglycemic 
Agent CS-045 in NIDDM Subjects.** Diabetes Care. 
15(2): 193-203, 1992. 

Tontonoz et al.. 'Terminal Differentiation of Human Liposa- 
rcoma Cells Induced by Ugands for Peroxisome Prolifera- 
tor-Activated Receptor y and the Retinoid X Receptor.** 
Proc. NatL Acad, Sd. USA, 94:237-241,1997. 
Urban, Bodenburg. Nagamani. Peirce. '*Dexamethasone 
potentiates IGF-I actions in porcine granulosa cells.** Am. J, 
Physiol.. 267£115-E123, 1994, 

Urban, Garmey. Shupnik, Veldhuis, "Insulin-like growth 
factor type I increases concentrations of messenger RNA 
encoding cytodirome P450 diolesterol side diain cleavage 
enzyme in primary cultures of porcine granulosa cells." 
Endocrinology. 127:2481-2488, 1990. 
Veldhuis and Furlanette, 'Trophic actions of human 
somatomedin C/insulin-like growth faotor I on ovarian 
cells: in vitro studies widi swine granulosa cells,** Endocri- 
nology. 116:1235-1242, 1985. 

Vidal-Puig, Jimenez. Linan, Lowell. Hamann, Hu, Spiegel- 
man, Flier. MoUer. "Regulation of PFAR gamma gene 
expression by nutrition and obesity in rodents.** /. Clin. 
Invest.. 97:2553-2561. 1996. 

Primary £jcam/ner— Jerome D. Goldberg 
Attorneys Agent, or Firm— Arnold White & Durkee 

[57] ABSTRACT 

The present invention is directed toward the use of the drug 
Tro^tazone and related thiazolidinedionc con^wunds in the 
treatment of the climacteric and cancer. This use is based on 
the novel discovery that Troglitazone inhibits steroidogen- 
esis in granulosa cell cultures. This activity is believed to 
result from the ability of thiazolidinedionc derivatives to act 
as a ligand for the orphan steroid receptor peroxisome 
proliferator-activated recq)tor gamma (PPARy). Troglita- 
zone and related compounds can therefore be used to 
prevent excessive uterine bleeding during. Further, 
enhanced translocation of this orphan nuclear receptor into 
the nucleus of cells will block transcription in rapidly 
proliferating cancer cells that e:q>ress PPARy. resulting in 
loss of cell viability. 

24 Claims, 14 Drawing Sheets 
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1 

USE OF TROGLITAZONE AND RELATED 
COMPOUNDS FOR THE TREATMENT OF 
THE CLIMACTERIC SYMPTOMS 

The Federal government has rights in the present inven- 
tion insofar as it was supported by NIH grant No. 1-ROl- 
HD28393. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to a novel use of 
Troglitazone and related thiazolidinedione derivatives. More 
specifically, it relates to the use of Troglitazone and related 
ttiiazplidinedione derivatives in the treatment of the climac- 
tcricTt also relates to the use of Troglitazone and the like for 
the treatment of cancer. 

2. Description of Related Art 

Troglitazone is a member of a class of antidiabetic drugs 
termed thiazolidinediones. Although the mechanism is 
unknown, this class of drugs lowers insulin resistance and 
improves glucose tolerance (Nolan el al., 1994). For these 
reasons Troglitazone has found use in the treatment of 
noninsulin-dcpendent diabetes mellitus (NIDDM) (U.S. Pat 
No. 5.478,S52 incorporated by reference, herein). NIDDM. 
otherwise referred to as Type II diabetes, is the form of 
diabetes mellitus which occurs predominately in adults in 
whom adequate production of insulin is available for use, yet 
a defect exists in insulin-mediated utilization and metabo- 
lism of glucose in peripheral tissues. The population with 
impaired glucose tolerance progresses to NIDDM at a rate of 
5% to 10% of cases per year. Failure to treat NIDDM can 
result in mortality due to cardiovascular disease and other 
diabetic complications including retinopathy, neplhropathy, 
and peripheral neuropathy. Administration of Troglitazone 
can provide effective treatment of populations experiencing 
impaired glucose tolerance and may result in the delay or 
prevention of the onset of NIDDM. 

Moreover, Troglitazone has been further implicated in the 
treatment of polycystic ovary syndrome (PCO). This is a 
syndrome in women that is characterized by du*onic ano- 
vulation and hyperandrogenism Women with this syndrome 
often have insulin resistance and an increased risk for the 
devel<^ment of noninsulin-dq)endent diabetes mellitus. In 
women witti PCO given Troglitazone (400 mg every day), 
insulin resistance was reduced and 2 of the 25 women 
studied had ovulatory menses (Dunaif et aL. 1996). 

While advances continue to be made in diemotherapy 
treatment of cancer, effective agents are still lacking for the 
treatment many types of cancer. One sudi type is mesen- 50 
chymal tumors, lie mcsenchyma consists of the meshwork 
of embryogenic cotmectivc tissue in the mesoderm from 
whidi are farmed the connective tissues of the body as well 
as blood vessels and lymphatic vessels. There are many 
types of mesenchymal tumors including but not limited to 
sarcomas (general), rhabdomyosarcomas, fibrosarcomas, 
retinoblastoma, hemangiopericytoma, congenital mesoblas- 
tic nephronu, and mesotheliomas (Pierce and Figlin, 1992; 
Odell, 1996; Connelly and Budd, 1996). These types of 
tumors are aggressive and fast growing, thus dcvelq)ment of 
effective chcmotherapeutic agents for their treatment is of 
particular need. 

One medianism tfaroug^i which thiazolidinediones arc 
believed to have biological effect is their ability to serve as 
a high af&oity ligand for the orphan steroid rccq)t(X' peroxi- 
some proliferator-acrivated receptor ganuna (PPARy) 
(Lehmann et aL, 1995). PPARy is a member of the nuclear 
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receptor superfamily of orphan steroid receptors that serve 
as transcription factors (Motojiraa. 1993). This family 
includes receptors for the steroid, thyroid and retinoid hor- 
mones. Activation of PPARy is implicated in adipocyte 
5 differentiation through the activation of adipocyte-specific 
. gene expression (Lehmann et al.. 1995). This gene expres- 
sion is mediated through binding to a PPARy response 
element (PPRE) in the promoter region of target genes 
(Forman et aL, 1995). This PPRE is composed of a directly 
repeating core site separated by one nucleotide (NNN- 
^° AGGTCA-N-AGGTCA). To bind to a PPRE, PPARy must 
form a heterodimer widi the 9-cis retinoic acid receptor 
(RXR). This sequence is classified as a DR-1 consensus 
sequence that is universal for orphan receptors (Vidal-Puig. 
1996). Because of the universal nature of this consensus 
sequence, other transcription factors can bind to the PPRE 
and compete with the bi nding of PPARy. One such tran- 
scription factor is COUP-TFII that antagonizes PPAR sig- 
naling in mammalian cells (Marcus et al., 1996). 
PPARy is in a family of three orphan recq)tors that are 
20 encoded by different genes (Motojima, 1993). The three 
PPAR genes are PPARa, PPAR5. and PPARy (Motojima, 
1993). Moreover, 2 isoforms of PPARy also exist, PPARyl 
and il (Vidal-Puig et aL, 1996). These 2 proteins differ only 
in their NH2-terminal-30 amino adds and are the result of 
25 alternative promoter usage and differential mRNA splicing 
(Vidal-Puig et al., 1996). In addition to thiazolidinediones, 
another ligand for the PPARy nuclear receptor is the arachi- 
donic add metabolite 15-deoxy-delta'^''*-prostaglandin Jj 
(ISd-PGJj). This prostaglandin activates PPARy-dq)endent 
30 adipogenesis, but activated PPARa only at high concentra- 
tions (Forman et aL. 1995; Kliewer et aL, 1995). This is 
further evidence that the PPAR family subtypes are distinct 
from one anothCT in their jrfiarmacological response to 
ligands 

35 The climacteric is defined as the syndrome of endocrine, 
somatic and psychological changes occurring at the termi- 
nation of the reproductive period in the female. -The men- 
strual irregularities are episodes of i^olongcd menstrual 
bleeding caused by a loss of ovulation. The loss of ovulation 
40 is caused by a failure of development of ovarian follicles. 
Currently the most conmion method for treatment of the 
climacteric is hormone replacement, including administra- 
tion of birth control pills, oral administration of estrogen and 
progesterone prq)arations or oral administration of proges- 
45 tcrone only preparations (Shaaban, 1996). While relieving 
symptoms of tfie climacteric, these treatments have many 
assodated risks and side effects. Risks associated with 
hormone treatment include endometrial carcinoma, 
hypertension, hyperl^>idemia, cholelithiasis (gallstones), 
breast cancer, and deep venous thrombosis (Barentsen. 
1996). 

Compounds useful for practicing the present invention, 
and methods of making tiiese compounds are known. Some 
of these con^xxinds arc disdosed in WO-91/07107; WO 
92/02520; WO 94/01433; WO 89/08651; JP Kokai 69383/ 
92; U.S. Pat Nos. 4287,200; 4340,605; 4,438,141; 4,444, 
779; 4,461.902; 4,572,912; 4.687,777; 4,703,052; 4,725, 
610; 4.873255; 4.897393; 4.897,405; 4,918,091; 4,948, 
900; 5,002,953; 5,061,717; 5,120,754; 5,132317; 5.194, 
443; 5223 J22; 5232,925; and 5260,445.The disclosure of 
these publications are incorporated herein by reference in 
particular with respect to the active con^>ounds disclosed 
therein, and methods of prq>aration thereof. 

SUMMARY OF THE INVENTION 
The present invention is the result of the surprising 
finding that Troglitazone and related thiazolidinedione com- 
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pounds inhibit steroidogenesis in granulosa cells. A related 
aspect of the present invention is the discovery that thera- . 
peutic levels of Troglitazone can kill rapidly growing can- 
cerous cells expressing the oiphan nuclear receptor PPARy. 
while not affecting the viability of normal cells. The dis- 5 
covery of these new uses foe Troglitazone and related 
compounds provides in^witant new agents for the treatment 
of certain types of cancers and for the treatment of the 
climacteric. The term climacteric is well known in the art as 
the syndrome of endocrine, somatic and psychological lo 
changes occurring at the termination of the reproductive 
period in the female. 

A type of cancer which is particularly likely to be treatable 
with troglitazone and related thiazolidinedione derivatives 
are mesenchymal tumors. The mesenchyma consists of the 
meshwcrk of embryogenic connective tissue in the meso- 
derm from which are fonned the connertive tissues of the 
body as well as blood vessels and lymphatic vessels. There 
are many types of mesenchymal tumors including but not 
limited to sarcomas (general), rhabdomyosarcomas, 20 
fibrosarcomas, retinoblastoma, hemangiopericytoma, con- 
genital mesoblastic nephroma, and mesotheliomas. 

Studies show that Troglitazone is a ligand for the orphan 
nuclear receptor PPARy. Translocation of this transcription 
factoff in the nucleus of cells at sufficient rates inhibits 
transcription and reduces progesterone production in normal 
granulosa cells without a loss in cell viability. Howcvct, this 
inhibition of transcription in rq)idly dividing cancer cells 
expressing PPARy results in the loss of cell viability and ^ 
inhibition of cell growth. The mechanism of PPARy inhibi- 
tion of gene transcription most likely results from the 
competition of the PPARy transcriirtion factOT with the other 
(sptim nuclear factors binding to DR-1 consensus elements 
on genes and impairing the promoter activity of those 
elements. The inhibitory effects of Troglitazone on steroido- 
genesis make it useful for the reduction of menstrual bleed- 
ing in women as they develop reduced ovulation as they 
approach menopause. Because there is no loss of viability in 
normal cells, but a reduction in rapidly growing cancer cells, ^ 
TVoglitazone and related compounds may also be used in the 
treatment of cancer, to impair die growth of cancer cells 
without trilling normal cells 

As agents having the aforementioned effects the com- 
pounds of the following fOTnulas are useful in treating 
individuals. 

Accordingly, the present invention is the use of com- 
pounds of Formula I ' 



a heterocyclic acyl group, an araliphatic acyl group, a 
(C1-C6 alkoxy)carbonyl group, or an aralkyloxycarbo- 
nyl group; 

R* and R' are the same or different and each represents a 
hydrogen atom, a C»-Cs alkyl group or a C1-C5 alkoxy 
group, or R^ and R^ togctho- represent a C1-C5 alky- 
lenedioxy group; 

n is 1. 2 or 3; 

W represents tiie — CH^— , >C0, or CH— OR* group (in 
which R* represents any one of the atoms or groups 
defined for F? and may be the same as or different from 
R'); and 

Y and Z are the same (x different and each represents an 

oxygen atom or an imino (=NH) group; 
and pharmaceutically acceptable salts thereof. 
The present invention is also the use of con^unds of the 
Formula n 



L2-C--0 ^ CH2-CH c= 



Fomula II 



I 

R" 



I 

NH 



wherein R" is substituted or unsubstituted alkyL alkoxy, 
cycloalkyl phenylalkyl, phenyl aromatic acyl group, a 5- or 
6-membered heterocyclic group including 1 or 2 heteroat- 
oms selected from the group consisting of nitrogen, oxygen, 
and sulfur, or a group of the formula 



R" 



\ 

^ 

/ 



_„ / \ CH2-CH- 



Formula I 



50 



Possible Fonnula Used for R" 

wherein R*^ and R** are the same or different and each is 
lower alkyl or R^^ and R*^ are combined to each other either 
directly or as interrupted by a heteroatom selected fi;om the 
group consisting of nitrogen, oxygen, and sulfur to form a 5- 
or 6- membered ring; 

wherein R^^ means a bond or lower alkylene group; and 
wherein L* and are the same ot different and eadi is 
hydrogen or lower alkyl or L* and are combined to form 
an alkylene group; or a pharmaceutically acceptable salt 
thereof. 

The present invention is also the use of compounds of the 
Formula HI 



Formula IQ 



■C=Y 
I 

NH 



55 



60 




(CHj>.-^ 



wherein R* and R^ are the same ot different and each 
represcnU a hydrogen atom or a C1-C3 alkyl group; 65 
R^ represents a hydrogen atom, a C1-C6 aliphatic acyl 
group, an alicyclic acyl groi^>. an aromatic acyl group. 



I 



wherein R" and R** arc independently hydrogen, lower 
alkyl containing 1 to 6 carbon atoms, alkoxy containing 1 to 
6 carbon atoms, halogen, ctiiynyl, nitrile, methylthio, 
trifluoromcthyL vinyL nitro. or halogen substituted benzy- 
loxy; n is 0 to 4 and the pharmaceutically acceptable salts 
thereof. 

The present invention is also directed to the use of 
compounds of the Formula IV 



5 
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6 




Fonnula IV 




wherein the dotted line represents a bond or no bond; 
V is — H=CH— , — N=CH— CH=N— or S ; 
D is CHj, CHOH, CO, C^NORn or CH=CH; 
X is S, O, NR*^ — CH=N or -^=CH; 
YisCH orN; 

Z is hydrogen, (Ci-C7)alkyL (Ci-C7)cycloalkyl, 0ienyL 
najithyL pyridyL furyl. thienyi, or phenyl mono- ot 
disubstituted with the same or different groups which 
are (Ci-C3)alkyK trifluoromethyl, (Ci-C3)alkoxy, 
fluoro, chloro. or bromo; 

Z* is hydrogen or (Ci-C3)alkyl; 

R^*' and R* are eadi independently hydrogen or methyl; 
and 

n is 1. 2, or 3; 

the phannaceutically acceptable cationic salts thereof; and 
tiie j^armaceutically acceptable acid addition salts thereof 
when the con^x>und contains a basic nitrogen. 

The present invention is also directed to the use of 
compounds of the Formula V 



10 



15 



or a pharmaccutically acceptable salt thereof wherein R^ is 
alkyl of 1 to 6 carbon atoms, cydoaliQ^l of 3 to 7 carbon 
atoms, phenyl or mono- or di-substituted phenyl wherein 
said substituents are independently all^l of 1 to 6 carbon 
atoms, alkoxy of 1 to 3 carbon atoms, halogen, or trifluo- 
romethyl. 

The present invention also {H^ovides the use of a com- 
pound of Formula Vn 

Formula VII 



♦-4- A>-4-CH-C ^ 



^ A2-0-CO-N-(CH2>i--X<— {— A>-4-CH-C 

I NH 



25 



30 



or a tautomeric fcHin thereof and/or a pharmaceuticaLly 
acceptable salt thereof, and/or a j^armaceutically acceptable 
solvate thereof, wherein: 

represents an alkyl group, a substituted or unsubsti- 
tuted aryl group, or an aralliyl group wherein the 
alkylene or the aryl moiety may be substituted or 
unsubstituted; 




35 



NH 



wherein the dotted line rq)resents a bond or no bond; 

A and B are each independently CH or N, with tfie proviso 

that when A or B is N, the other is CH; 
X' is S, SO. SOj, CHj, CHOH, or CO; 
n is 0 <v 1; 

is CHR^ or R^\ with the proviso that when n is 1 and 
is NR^\ X^ is SOj or CO; 
Z^ is Cmt}\ CH2CH2, CH==CH, 

CH^— ^CH, 
o 

Possible Fonnula for 

OCHj, SCH2, SOCH2 or SO2CH2; 

R^^ R^, R^\ and R" are each independently hydrogen 

or methyl; and 
X^ and X^ are each independently hydrogen, methyl, 

trifluoromethyl phenyl benzyl, hydroxy, metlhoxy, 

phenoxy, benzyloxy, bromo, chloro. or fluoro; 
a phannaceutically acceptable cationic salt thereof; or 
a pharmaceutically acceptable add addition salt thereof 

when A OT B is N. 
The present invention also relates to the use of com- 
pounds of the Formula VI 



40 



o Fonnula V A^ represents a benzene ring having in total up to 3 



optional substituents; 
R^ represents a hydrogen atom, an alkyl group, an acyl 
group, an aralkyl group wherein the alkyl or the aryl 
moiety may be substituted cr unsubstituted, or a sub- 
stituted or unsubstituted aryl group; or A^ together with 
R^* represents substituted or unsubstituted poly- 
methylene group, optional substituents for the polym- 
ethylene group being selected from alkyl or aryl or 
adjacent substituents together with tiie me&ylene car- 
bon atoms to whidi they are attached form a substituted 
or unsubstituted phenylene group; 
R^ and R^*^ each rejffesent hydrogen, or R^ and R^* 

together rq>resent a bond; 
X* represents O or S; and 
n represents an integer in the range from 2 to 6. 
The present invention also provides the use of a com- 
pound of Formula VDI 



45 



50 



55 



' NH 



O Fonnula VUI 



60 



65 



H«-C0 ^ f 
N— (CHilb— X*-4- A*— 1— CH 
RM-CO ^ ^ 



or a tautomeric form thereof and/or a pharmaceutically 
acceptable salt thereof, and/or a pharmaceutically accq)Uble 
solvate thereof, wherein: 

R^ and R^* eadi indq)endcntly represent an alkyl group, 
a substituted or unsubstituted aryl group, or an aralkyl 
group being substituted or unsubstituted in the aryl or 
alkyl moiety; or R" together with R^ represents a 
linking group, the linking group consisting of an 
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optiooaiiy substituted methylcDe group or an O or S 
atom, optional substituents for the said methylene 
groups being selected from alkyl-, aryL or aralkyL or 
substituents of adjacent methylene groups together 
with the carbon atoms to which they are attached form 
a substituted or unsubstituted phenylene group; 

and each represent hydrogen, or R^ and R^ 
together represent a bond; 

represents a benzene ring having in total up to 3 
optional substituents; 
represents O or S; and 
n rq)resents an integer in the range from 2 to 6. 
The present invention also provides the use of a com- 
pound of Formula DC 




10 



15 



Fonnula DC 



NH 



20 



30 



or a tautomeric form thereof and/or a pharmaceutically 25 
acceptable salt diercof . and/or a pharmaceutically acceptable 
solvate thereof, wherein: 

represents a substituted or unsubstituted aromatic 
heterocyclyl group; 
A^ represents a benzene ring haying in total up to 5 
substituents; 

X* represents O, S, or NR^^ wherein R^^ rq)resents a 
hydrogen atom, an alkyl group, an acyl group, an 
aralkyl group, wherein the aryl moiety may be substi- 35 
tuted or unsubstimted, or a substituted or unsubstituted 
aryl group; 
represents O or S; 
R^^ rejffesents an alkyL aralkyl, <x aiyi group; and 
n rq)resents an integer in the range from 2 to 6. 
Suitable aromatic heterocyclyl groups include substituted 
unsubstituted, single or fused ring aromatic hetaocyclyl 
groups conq>rising up to 4 hetero atoms in each ring selected 
from oxygen, sulfur, or nitrogen. 

Favored aromatic heterocyclyl groups include substituted 
or unsubstituted single ring aromatic heterocyclyl groups 
having 4 to 7 ring atoms, i^efcrably 5 or 6 ring atoms. 

In particular, the aromatic heterocyclyl group comj^es 
1, 2, or 3 hetcroatoms, especially 1 or 2. selected from 
oxygen, sulfur, or nitrogen. 

Suitable values for A' when it represents a 5-membered 
aromatic heterocyclyl group include thiazolyl and oxazoyL 
especially oxazoyL 

Suitable values f<x A^ when it rq}resents a 6-membered, 
aromatic heterocyclyl group include pyridyl or pyrimidinyL 



(c) 



Suitable R^^ represents an alkyl group, in particular a Ci^ 
alkyl group, for example a methyl group. Preferably, A^ 
represents a moiety of formula (a), (b), or (c): 

Formula (a), (b) and (c) 
wherein: 

R^^ and R^ each independently represents a hydrogen 
atom, an alkyl group, or a substituted or unsubstituted 
aryl group or when R^^ and R^'* are each attached to 
adjacent, carbon atoms, then R^^ and R^ together with 
the carbon atoms to which they are attached form a 
benzene ring wherein each carbon atom represented by 
R^** and R^ together may be substituted or unsubsti- 
tuted; and in the moiety of Formula (a), represents 
oxygen or sulfur. 
In one favored aspect R^^ and R^ together represent a 
moiety of Formula (d): 



Fommla (d) 




wherein R^^ and R^^ each independently represent 
hydrogen, halogen, substituted or unsubstituted alkyl. or 
alkoxy. 

The present invention also provides for the use of com- 
pounds for Formula X 



— Y3— t- A»-4— CH— C ^ 



40 



45 



A'-X*-(CH2>, 



Formula X 



I NH 

X 



RD N 



(a) 



60 



(b) 



65 



or a tautomeric form hereof and/or a pharmaceutically 
acceptable salt thereof, and/w a pharmaceutically acceptable 
solvate thereof, wherein: 

A^ represents a substituted or unsubstituted aryl group; 

A^ represents a benzene ring having in total up to 5 
substituents; 

X* rei^esents O, S, or NR^ wherein R^ represents a 
hydbrogen atom, an alkyl group, an acyl group, an 
aralkyl group, wherein the aryl moiety may be substi- 
tuted or unsubstituted, or a substituted or unsubstituted 
aryl group; 

represents O or S; 

R^^ rqjresents hydrogen; 

R^ represents hydrogen or an alkyl. aralkyL or aryl group 
or R''^ together with R^^ represents a bond; and 

n represents an integer in the range from 2 to 6. 
The present invention is also directed to the use of 
compounds of Formula XI 



9 
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10 



R» 
I 

A»-N-(CH2>,- 



-0— ^- Ai-4-CH2-CH-^ 

^ O NH 



Formula XI 



Fonnula Xn 
O a 



or a tautomeric form thereof and/or a pharmaccuticaUy 
acceptable salt thereof, and/or a pharmaceutically accq)table 
solvate thereof, wherein: 

represents a substituted or unsubstituted aromatic 
hcterocyclyl groi^; 

rq)rescnts a hydrogen atom, an alkyl group, an acyl 
. group, an aralkyl group, 
wherein the aryl moiety may be substituted or 
unsubstituted, or a substituted <x unsubstituted aryl 
group; 

represents a benzene ring having in total up to 5 
substituents; and 

n represents an integer in tiie range of from 2 to 6. 

Suitable aromatic hcterocyclyl groups include substituted 
or unsubstituted, single or fised ring aromatic hcterocyclyl 
groups comprising up to 4 hetero atoms in each ring selected 
from oxygen, sulfur, or nitrogen. 

Favored aromatic hcterocyclyl groups include substituted 
or unsubstituted single ring aromatic hcterocyclyl groups 
having 4 to 7 ring atoms, preferably 5 or 6 ring atoms. 

In particular, the aromatic heterocydyl group comprises 
1. 2, or 3 heteroatoms, especially 1 or 2, selected from 
oxygen, sulfur, or nitrogen. . 

Suitable values for A* when it represents a 5-membercd 
aromatic heterocydyl group include thiazolyl and oxazolyl. 
especially oxazoyL 

Suitable values fw A^ when it rq)resents a 6-membcred 
aromatic hcterocyclyl group indude pyridyl or pyrimidinyL 

Preferably, A^ represents a moiety of formula (a), (b), or 
(c): 




20 



25 



N 



(a) 



(b) 



(c) 



R5 

XT 

Fonnula (a), (b) and (c) 

wherein: 

and R' each independently represents a hydrogen 
atom, an alkyl group, or a substituted or unsubstituted 
aryl group or when R* and R' are each attached to 
adjacent carbon atoms, then R^ and R^ together with 
the carbon atoms to which they are attached form a 
benzene ring wherein eadi carbon atom represented by 
R^ and R' together may be substituted <^ unsubstituted; 
and in the moiety of Fmrnila (a), X represents oxygen 
or sulfur. 

The present invention is also directed to the use of 
compounds of Formulas XII and Xm 



or a pharmaceutically acceptable salt thereof wherein the 
dotted line represents a bond or no bond; 
R is cycloall^l of three to seven carbon atoms, naf^thyl, 
thienyl, fiiryl. phenyl or substituted phenyl wherein 
said substituent is alkyl of one to three carbon atoms, 
alkoxy of one to three carbon atoms, trifluoromethyl, 
chloro, fluoro ch^ bis(trifluoromethyl); 
R' is alkyl of one to three carbon atoms; 
X is O or C=0; 
A is O or S; and 
B is N or CH. 

In one aspect the present invention is the use the com- 

30 pounds of Formulas I through Fonmila Xm, and Formulas 
la, lb and Ic, for the treatment of the climacteric and of 
cancer. These compounds are herdn referred to as diiazoli- 
dine derivatives. Where appropriate, the specific names of 
thiazolidine derivatives may be used including: 

35 Troglitazone. cioglitazone, pioglitazone and BRL 49653. 
A preferred group of compounds are those of Fonnula XI 
wherein the dotted line represents no bond, R^ is methyl, X 
is O and A is O. Espedally iH^eferred within this group are 
the compounds where R is {^enyl, 2-naphthyl and 3,5-bis 

40 (trifluoromethyl)phenyl. 

Another group of preferred compounds are those of 
Formula Xn wherein the dotted line represents no bond, R^ 
is methyl and A is O. Especially prefencd widiin this group 
are compounds where B is CH and R is phenol, p-tolyL 

45 m-tolyl, cyclohexyL and 2-naphttiyL Also especially pre- 
ferred is tiie compound where B is N and R is i^enyL 

A still further embodiment of the present invention is the 
use of a pharmaceutical composition for administering an 
effective amount of a compound of the preceding Formulas 

50 I through xm along with a pharmaceutically accq>table 
carrier in unit dosage form in the treatment methods men- 
tioned above. 

BRIEF DESCRIPnON OF THE DRAWINGS 

55 FIG. 1. Dose-response of progesterone production sup- 
pression in porcine granulosa cells treated with Troglitazone 
and related thiazolidlnedione compounds. Porcine granulosa 
cells were treated for 24 h with increasing doses of 
Troglitazone, pioglitazone. and BRL 49653. The data Tcp- 

60 resent the meanlSEM from 3 studies done in triplicate. 
Progesterone concentrations were corrected for DNA con- 
tent in treated cells and are presented as a percentage of 
basal corrected progesterone production. 

FIG. 2. Time course of Troglitazone suj^ession of 

65 progesterone production by porcine granulosa ceUs. Cul- 
tures of porcine granulosa cells were treated with 
Troglitazone, 1 and 10 pg/inl at 2.4,6,12, and 24 h. Proges- 
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terone production (corrected for DNA content) was mea- consensus PPRE as described in FIG. 6. FIG. 7B is a graph 

sured as shown above. The data rq)resent the raean+SEM of the progesterone values from die same porcine granulosa 

from 3 studies done in triplicate. cells treated as described in A. 

FIG. 3. CeU viability of porcine granulosa cells during FIG. 8. Dose-response of Troglitazonc on progesterone 

treatment with Troglitazone. Porcine granulosa cells were 5 production by HGL5 human granulosa cell line. The human 

treated with various concentrations ofTroglitazone and cell granulosa cell line HGL5 was cultured and treated with 

viability determined using a MTS dye oxidation method. Troglitazone in a logarithmic dose-response curve as shown. 

This method is based on the ability of dehydrogenase Cells were treated for 48 h. Progesterone was corrected for 

enzymes found in metabolically active cells to oxidize MTS protein concentration. The data represent the mcan±SEM 

to formazan. This coinpound is soluble in tissue culture from 2 studies done in triplicate. 

medium. Data represent the meanlSEM from 2 studies done piG. 9. Cell viability of HGL5 cells treated with Trogli- 

in triplicate. tazone. HGL5 cells were treated with increasing concentra- 

FIG. 4. EfiFects of 25-OH diolesterol on Troglitazonc tions ofTroglitazone for 4 days. Cell viability was assessed 

suppression of porcine granulosa cell progesterone produc- by the conversion of MTT to fomazan as previously 

don. Porcine granulosa cells were cultured for 24 h in described. Data are the mean±SEM from 2 studies done in 

serum-free medium (dear bars) or in the presence of 30 triplicate. 

Mg/ml of 25-OH cholesterol (shaded bars). Under both piG. 10. EMSA of nuclear extract protein from HPL5 

conditions, cells were treated with Troglitazone at a 1 and 10 cells. HPL5 cells were cultured as control (B) or treated with 

Hg/ml concentration. Data reiH-esent mean±SHM from 2 ^ Troglitazone (30 pg/ml) (T) for 24 h. EMSA was done with 

studies done in triplicate. 15 ^g of protein and radioactively-labeled PPRE consensus 

FIG. 5. Northern blot of Troglitazone effects on mRNA oligonucleotide. EMSA conditions are as previously 

concentrations of P450 sec. Northern blot hybridization with described f ot porcine granulosa cells, 

porcine P450 sec CDNA clone of RNA (20 pg) obtained jqQ n viability of NWTb3 cells treated with 

from porcine granulosa cells treated for 24 h with Troglita- ^ Troglitazone. NWTb3 cells were treated for 4 days with 

zone (5 p/ml). L represents the ladder, B represents control increasing concentrations ofTroglitazone. Cells were grown 

granulosa total RNA, and T rq)resents cell treated witti 24 well-plates with high-glucose MEM/10% FCS. Cell 

Troglitazone 5 pg/ml for 24 h. Collection of total RNA and viability was assessed by the conversion of MTT to forma- 

mcthods for Northern blot hybridization have been previ- ^ ^s previously described Data are the mean±SEM from 

ously described (Urban et al- 1990). ^ 2 studies done in triplicate. 

FIG. 6. An electrophoretic mobility gel shift assay pjQ ^ EMSA of NWTb3 cells treated with Troglita- 

(EMSA) of nuclear extract protein from porcine granulosa ^one. Nuclear extract fH-otein (25 pg) was used in EMSA as 

treated witii Troglitazone. Porcine granulosa cells were previously described with radioactively-labeled consensus 

treated with Troglitazone 5 jig/ml for 24 h and nuclear ppre. C indicates control NWTb3 ceUs and T indicates 

extract proteins collected. Extract (15 pg) was mixed with a 35 isfWTb3 cells treated with 10 pg/ml IVoglitazone for 24 h. 

P«.labeled consensus P^ oligonucleotide and run on a ^ ^^ .^ 

4% polyaaylamide gel P is the probe a^ne B is contro TrogUtazone. MCF-T ceUs were treated with increasing 

retrace B4C IS contro Plus 100 "^^^^^^^ conSntrations ofTroglitazone for 4 days and ceU viabiHty 

Troghtozone treatment^^^^ andT+C ^Troglitazone ^^^^^ the conversion of 1^ to formazan as 

plus lWxunlabd«lPPRE.Iis A^^^^ 40 ^^^^^^^ ^J^^ ^ ^he mean±SEM from 2 

and A IS die ad<^t|on of a PPARy anUbody. The arrow P^^^^ ^^^^ ^ ^ 
mdicates the supershifted PPARy band. 

FIG. 7A and 7B. Correlation of Troglitazone suppression DETAILED DESCRIPTION OF THE 

of progesterone production with binding of PPARy to a PREFERRED EMBODIMENTS 

consensus PPRE. FIG. 7A is an autoradiogram of a EMSA 45 

from nuclear extract protein from porcine granulosa ceUs The compounds used in die treatment methods of the. 

treated for 24 h as such: B, control cells; T. Troglitazone 5 invention, which are 5-l4-(chromoanalkoxy)benzyl]— thiaz- 

pgM;BR,BRL49635 5pg^ml;andRpic^tazone5Mg/nil. olidene derivatives, may be represented by die Formulas 

The nuclear extract was mixed with radioactively-labeled (la), (lb), and (Ic) 
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-condnucd 



(Ic) 




^T^(CH2>.-0— \— CH2-CH C= 



Formulas (la), (lb), and (Ic) 



I I 

S NH 

Z 



(in which R\ R^. R^ R^ R^ R*, n, Y, and Z are as defined 
above) and include pharmaceutically acceptable salts 
tfiereof. 

In the compounds of the invention where R^ or R^ 
represents an alkyl group, this may be a straight or branched 
chain alkyl group having from 1 to 5 carbon atoms and is 
jH'eferably a primary or secondary alkyl group, for example, 
the methyl ethyl, propyl isopropjd, butyl isobutyl pentyl 
OT isc^>entyl group. 

Where R^, R*, or R*^ represents an a%hatic acyl group, 
this preferably has from 1 to 6 carbon atoms and may 
include one or more carbon-carbon double or triple bonds. 
Examples of such groups include the formyl acetyl, 
prq)ionyl butyryl isobutyryl pivaloyl hexanoyl acryloyl 
methacryloyl and crotonyl groups. 

Where R^, R*, or R*' rq)resents an alicyclic acyl group, it 
is preferably a cyclq>entanccarbonyl cydohexanecarbonyl 
or cycl<Aei^ecarbonyl group. 

Where R\ R*, or R^ represents an aromatic acyl group, 
the aromatic moiety thereof may optionally have one or 
more substituents (for example, nitro, amino, alkylamino, 
dialkylamino. alkoxy, halo, alkyl or hydroxy substituents); 
examples of such aromatic acyl groups included the 
benzoyl p-nitrobenzoyl, m-fiuorobenzoyl o-chlorobenzoyl 
p-aminobenzoyl. m-( dime thy lamino)benzoyl, 
o-methoxybenzoyl 3,4-dichlorobenzoyl 3,5-di-t-butyl-4- 
hydroxybenzoyl and 1-naphthoyl groups. 

Where R^. R^ or R*" rq)rcsents a heterocyclic acyl group, 
the heterocyclic moiety hereof preferably has one or more, 
preferably one, oxygen, sulfur, or nitrogen hetero atoms and 
has from 4 to 7 ring atoms; examples of such heterocyclic 
acyl groups include the 2-furoyl, 3-thenoyl, 
3-pyridinecarbonyl (nicotinoyl), and 4^yridinocarbonyl 
groups. 

Where R^ R*, or R^ represents an araliphatic acyl group, 
the aliphatic moiety thereof may optionally have one or 
more caibon-carbon double or triple bonds and the aryl 
moiety thereof may optionally have one or more substituents 
(for example, nitro, amino, alkylamino, dialkylamino, 
alkoxy, halo, alkyl or hydroxy substituents); examples of 
such araliphatic acyl groups indude the phenylacetyl, 
p-chlorophenylacetyl, phenylpropionyl, and cinnamoyl 
groups. 

Where R^, R*, or R** represents a (C^-Ce alkoxy)caibonyl 
group, the alkyl moiety hereof may be any one of those 
alkyl groups as defined for R^ and R^, but is preferably a 
m^yl or ^yl group, and the alkoxycaibonyl group rep- 
resented by R^, R*. or R*" is therefore preferably a mcth- 
oxycaiboniyl or ethoxycarbonyl group. 

Where R^, R^ or R*' represents an aralkyloxycarbonyl 
group, the aralkyl moiety thereof may be any one of those 
induded within the araliphatic acyl group reps-esented by R^, 
R*. or R**. but is-prefcrably a benzyloxycarbonyl group. 

Where R* and R* represent alkyl groups, they may be the 
same or different and may be straight or branched chain 
alkyl groups. They preferably have from 1 to 5 carbon atoms 



and examples include the methyl ethyl propyl. isofH-c^yl 
. butyl isobutyl, t-butyl pentyl, and isopentyl groups. 
15 Where R* and R' represent alkoxy groups, these may be 

the same or different and may be straight or branched chain 

groups, preferably having from 1 to 4 carbon atoms. 

Examples include the methoxy, ethoxy. propoxy. 

isopropoxy, and butoxy groups. Alternatively, R^ and R^ 
2Q may together represent a Ci~C4 alkylenedioxy group, m<KC 

preferably a methylenedioxy or cthylenedioxy group. 
Preferred dasses of compounds of Fonnula I are as 

follows: 

(1) Compounds in which R^ represents a hydrogen atom, 
a Ci-C^ alii^atic acyl group, an aromatic acyl group, or a 

^ heterocyclic acyl group. 

(2) Compounds in which Y represents an oxygen atom; R* 
and R^ are the same or different and each represents a 
hydrogen atom or a C1-C5 alkyl group; R^ represents a 
hydrogen atom, a C^-Cg aliphatic acyl group, an aromatic 

30 acyl group, or a pyridinecarbonyl group; and R* and R' are 
the same or different and each represents a hydrogen atom, 
a C1-C5 alkyl group, or a Cj Cj alkoxy group. 

(3) Con^unds as defined in (2) above, in which R^ R^, 
R^ and R^ are the same or different and each rq>resents a 

35 hydrogen atom or a ^U^Y^ group; n is 1 or 2; and W 

reiH-esents the — CHj — <x >C0 group. 

(4) Compounds as defined in (3) above, in which R^ 
represents a hydrogen atom, a C^-Cs aliphatic acyl group, a 
benzoyl group, or a nicotinyl group. 

4Q (5) Compounds as defined in (4) above, in which: R^ and 
R* are the same or different and each represents a C^-Cj 
alkyl group; R^ and R' are the same or different and each 
represents the hydrogen atom or the mediyl group; and R^ 
re|H-esents a hydrogen atom or a CX-C4 aliphatic acyl group. 

45 (6) Compounds in whidi: W rejH-esents the — CHj — or 
>C0 group; Y and Z both rqiresent oxygen atoms; n is 1 or 
2; R^ and R^ are the same or different and each represents 
a C1-C4 alkyl group; R^ and R^ are the same <x different and 
each rq)resents the hydrogen atom or the m^yl group; and 

5Q R^ rqjresents a hydrogen atom or a C1-C4 aliphatic acyl 
group. 

(7) Compounds as defined in (6) above, in which n is 1. 

(8) Compounds as defined in (6) or (7) above, in which W 
represents the — CH2 — group. I^efdred compounds among 

^3 the compounds of Formula I are those wherdn: 

R* is a C1-C4 alkyl groiq), more preferably a methyl or 

isobutyl group, most preferably a methyl group; 
R^ is a hydrogen atom or a Ci-C4 all^i group, jH^eferably 
a hydrogen atom, or a methyl isopropyl group, more 
60 preferably a hydrogen atom or a methyl group, most 
preferably a m^yl group; 
R^ is a hydrogen atom, a Ci-C4 alijrfiatic acyl group, an 
aromatic acyl group or a pyridinecarbonyl group, pref- 
erably a hydrogen atom, or an acetyl, butyryl, benzoyl 
65 or nicotinyl group, more preferably a hydrogen atom or 
an acetyl butyryl or benzoyl group, most preferably a 
hydrogen atom or an acetyl group; 
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R* is a hydrogen atom, a C1-C4 alkyl group or a or Cj 
alkoxy group, preferably a methyl, isopropyl, t-butyl. 
or mcthoxy group, more preferably a methyl or t-butyl 
group, most preferably a methyl group; 
is a hydrogen atom, a Ci-C^ alkyl group or a Ci or 
alkoxy group, preferably a hydrogen atom, <tf a methyl 
or methoxy group, more preferably a hydrogen atom or 
a methyl group, and most preferably a methyl group; 

n is 1 (H- 2, preferably 1; 

Y is an oxygen atom; 

Z is an oxygen atom or an imino group, most preferably 

an oxygen atom; and 
W is a — CHj— or >0=0 group, preferably a — CH^ 

group. 

Referring to the general Formula II, tfie substituents may 
be any from 1 to 3 selected from nitro, amino, alkylamino, 
dialkylamino, alkoxy, halo, allgrl, or hydroxy, the aromatic 
acyl group may be benzoyl and naphthoyL The alkyl group 
R" may be a straight chain or branched alkyl of 1 to 10 
carbon atoms, such as mediyl, ethyL n-propyl, i-propyl. 
n-butyl, i-butyl, t-butyL n-pentyl i-pentyl, n-hexyl, n-heptyl, 
n-octyl, n-nonyl, and n-decyl; the cydoalkyl group R" may 
be a cycloalkyl group of 3 to 7 carbon atoms, such as 
cyclopropyl, cyclopentyL cyclohexyl. and cyclohcptyl and 
the phenylalkyl group R^^ may be a jAenyl^l group of 7 
to 11 carbon atoms such as benzyl and phenethyL As 
examples of the heterocyclic group R^^ may be mentioned 
5- or 6-membered groups eadi including 1 or 2 hetero-atoms 
selected from among nitrogen, oxygen, and sulfur, sudi as 
pyridyl, thienyL furyL thiazolyl. When R^* is 
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Thus, when R^^ is a bond, the atoms adjacent thereto on both 
sides are directly combined together. As examples of the 
lower aUcyls and L^, tha-e may be mentioned lower allg^l 
groups of 1 to 3 carbon atoms, such as methyl and ethyL The 
alkylene group formed as L* and are joined together is a 
group of the formula — (CHj)^— [where n is an integer of 
2 to 61 The cydoalkyL phenylalkyl phenyl, and heterocy- 
clic groups mentioned above, as well as said heterocyclic 
group 
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Possible Formula Used for R" 

the lower alkyls R^^ and R^"* may each be a lower alkyl of 40 
1 to 4 carbon atoms, sudi as methyl, ethyl, n-propyl, 
i-propyl, and n-butyL When R" and R^^ are combined to 
each other to form a 5- or 6-membered heterocyclic group as 
taken together with the adjacent N atom, Le., in the form of 

45 



50 




rU and R^^ are combined to each other to form 
a 5- or 6-membeied heterocyclic group 

this heterocyclic group may further indude a heteroatom 
selected from among nitrogen, oxygen, and sulfur as exem- 
plified by piperidino, mapholino. pyrrolidino. and piper- 
azino. The lower alkylene group R^^ may contain 1 to 3 
carbon atoms and thus may be, for cxanq)le, m^ylenc, 
Xylene, or trimethylene. The bond R^^ is equivalent to the 
symbol ".".^r the like which is used in diemical 
structural formulas, and when R" represents such a bond, 
the con^KHmd of general Formula n is rq)resented by the 
following general Formula 11(a) 



may have 1 to 3 substituents in optional positions on the 
respective rings. As examples of such substituents may be 
mentioned lower alkyls (e.g., methyl ethyl etc), lower 
alkoxy groups (e.g.. metiioxy, ethoxy, etc.). halogens (e.g., 
chlorine, bromine, etc.). and hydroxyl. The case also falls 
within the scope of the general Formula n that an allg^lene- 
dioxy groiq) of the formula — O — {CH^„ — O — [is an 
integer of 1 to 3], such as methylenedioxy, is attached to the 
two adjacent carbon atoms on ^e ring to form an additional 
ring. 

The preferred compounds of Formula in are those 
wherein R^^ and R** are indq>endently hydrogen, lower 
allQ^l containing 1 to 6 carbon atoms, alkoxy containing 1 to 
6 carbon atoms, halogen, cthynyl nitrile, trifluoromethyl 
vinyl or nitro; n is 1 or 2 and the pharmaceutically accept- 
able salts thereof. 

Preferred in Formula IV are compounds wherein the 
dotted line rejM-esents no bond, particularly wherein D is CO 
or CHOH. More preferred are compounds wherein V is 
_-CH==CH— , — CH=N— or S and n is 2. particularly 
those compounds wherein X is O and Y is N, X is S and Y 
is N, X is S and Y is C:H or X is — H=N— and Y is CH. 
In the most preferred con^unds X is O or S and Y is N 
forming an oxa2ol-4-yl oxazol-S-yl thia2ol-4-yl or thiazol- 
5-yl group; most particulariy a 2-[(2-thienyl). (2-furyl). 
phenyl or substimted phenyl]-5-methyl-4-oxazolyl group. 
The preferred compounds in Formula V are: 

a) those wherein the dotted line represents no bond. A and 
B are each CH, X*, is CO, n is O, R'* is hydrogen, 

is CHjCHj <x CH=CH and X^ is hydrogen, particu- 
55 larly when X^ is hydrogen. 2-methoxy, 4-benzyloxy, or 
4^henyl; 

b) those wherein A and B are eadi CH, X^ is S or SO^, n 
is O, R*^ is hydrogen. is CIH^CHj and X^ is 



60 



65 



hydrogen, particularly when X^ is hydrogen or 
4-chloro. 

A preferred group of compounds is that of Formula VI 
wherein R^ is (Ci-C<5)alkyl (C3-C7)cycloalkyl phenyl 
halophenyl or (Ci-Ctf— )alky^hcnyl EspeciaUy preferred 
widiin this group are the compounds where R^ is phenyl 
m^ylphenyl flucM-ophcnyl chlorophenyl or cyclohexyl 

When used herein with regard to Formulas VII throug|i X, 
the term "aryl" includes phenyl and n^hthyl. suitably 
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phenyl, optionally substituted with up to 5. preferably up to The compounds of Formulas I through XIII arc capable of 

3, groups selected from halogen, alkyl, phenyl, alkoxy, further forming both {rfiarmaceutically acceptable acid addi- 

haloalkyl, hydroxy, amino, nitro, carboxy, alkoxycarbonyl. tion and/or base salts. All of these forms are within the scope 

alkoxycarbonylalkyl, alkylcarbonyloxy, or alkylcarbonyl . of the present invention. 

gj.Qups 5 Riarmaceutically acceptable acid addition salts of the 

The term *1ialogen'* refers to fluorine, chlorine, bromine, compounds of Formulas I through XDI include salts derived 

and iodine; preferably chlorine. from nontoxic inorganic adds such as hydrochloric, nitric. 

The terms "allgrr and "alkoxy** relate to groups having phosphmc, sulfuric, hydrohromic, hydriodic, hydrofluoric, 

straight or branched carbon chains, containing up to 12 phosphcffous, and the like, as well as the salts derived from 

carbon atoms. 10 nontoxic organic acids, such as aliphatic mono- and dicar- 

Suitable alkyl groups arc C^.^a alkyl groups, especially boxylic acids, phenyl-substituted alkanoic acids, hydroxy 

Ci^ alkyl groups, e.g., methyl, ethyl, n-propyl. iso-iffq)yL alkanoic acids, alkancdioic adds, aromatic adds, aliphatic 

n-butyl, isobutyl, or tcrt-butyl groups. and aromatic sulfonic adds, etc. Such salts flius indude 

Suitable substituents for any alkyl group indude those sulfate, pyrosulfate. bisulfate, sulfite, bisulfite, nitrate, 

indicated above in relation to the term "aryP. 15 phosphate, monohydrogenphosphate, dihydr<^enphosphate. 

Suitable substituents for any heterocyclyl group indude metq)hosphate, pyrophosphate, diloride, bromide, iodide, 

up to 4 substituents sdected from the group consisting of acetate, trifluOTacctate, propionate, caprylate, isobutyrate, 

alkyl alkoxy, aiyL and halogen or any 2 substituents on oxalate, malbnate, succinate, suberate, sebacate, fumarate, 

adjacent carbon atoms, together with the carbon atoms to malcate, mandelate, benzoate, chlorobenzoate, 

which they are attached, may form an aryl group, preferably 20 methylbenzoate, dinitrobenzoate. phthalate. 

a benzene ring, and wherein the carbon atoms of the aryl benzencsulfonate, toluenesulfonate, phenylacetate, dtrate, 

group represented by fee said 2 substituents may themsdves lactate, maleatc, tartrate, methanesulfonate, and the like, 

be substimted or unsubstituted. Also contemplated are salts of amino adds such as arginate 

Specific examples of compounds of the present invention and the like and gluconate, galacturonate, n-methyl glucam- 

are given in the following list: 25 ine (see, for example, Berge et al., 1977). 

(+)_5-[[4-[(3 ,4-dihydro-6-hydroxy-23,7,8-tetramethyl-2H- The acid addition salts of said basic compounds are 

l-benzopyran-2-yl)methoxy]phenyl]methyl]-2,4- prepared by contacting the free base fwm with a sufficient 

thiazolidinedione: (Troglitazonc); amount of the desired add to produce the salt in the 

5-[4-[2-(5-ethylpyridin-2-yl)ethoxyl]benzyl] conventional manner. The free base form may be regener- 

tfaiadiazolidine-2,4-dione: (pioglitazone); 30 atcd by contacting the salt form with a base and isolating the 

5-(4-[(l-methylcyclohcxyl)methoxyJbenzyl] free base in the conventional manner or as above. The free 

thiadiazolidine-2,4-dione: (dglitazone); base forms differ from their r^pective salt forms somewhat 

4- (2-naphthylmethyl)- l,23,5-oxathiadiazolc-2-oxide; in certain physical properties such as solubility in polar 

5- l4-[2-[N-(benzoxazol-2-yl)-N-methylamino]ethoxy] solvents, but otherwise the salts are equivalent to their 
bcnzyl]-5-methylthiazondine-2.4-dione; 35 respective firee base for purposes of the present invention. 

5-[4-[2- [2,4-dioxo-5-phenylthiazolidin-3-yl)ethoxy] PharmaceuticaUy acceptable base addition salts are 

benzyl]thiazolidine-2,4-dione; formed with metals or amines, such as alkali and alkaline 

5-[4-[2-[N-methyl-N-(phenoxycarbonyl)amino]ethoxy] earth metals or organic amines. Exanoplcs of metals used as 

bcnzyl]thiazolidine-2,4-dione; cations are sodium, potassium, magnesium, caldum, and the 

5-[4-[2-phenoxyethoxy)benzyl]thiazolidine-2,4-dione; 40 like. Examples of suitable amines are N2N'- 

5-[4-(2-(4-chlorophcnyl)ethylsulfonyl]benzyl]thiazolidine- dibcnzylethylenediaminc, chloroprocaine, choline. 

2.4-dione; diethanolamine, dicyclohexylamine, cthylenediaminc. 

5-[4-[3-(5-inethyl-2-phenyloxazol-4-yl)propionyl]benzyll N-methylglucamine, and procaine (see, fcs example, Berge 

thiazolidine-2,4-dione; ct aL, 1977). 

5-[[4-(3-hydroxy-l-mcthylcyclohexyl)methoxy]benzyl] 45 The base addition salts of said addic compounds are 

thiadiazoUdine-2,4-dionc; prq>ared by contacting the free acid form with a sufficient 

5-[4-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxyl]benzyl] amount of the desired base to produce the salt in the 

thiadizolidione-2,4-dionc; conventional manner. The free add form may be regenerated 

5-[(2-bcnzyl-2,3-dihydrobcnzopyran)-5-ylmethyl] by contacting the salt form wife an add and isolating the free 

thiadiazoline-2,4-dione: (englitazone); 50 acid in the conventional manner or as above. The free add 

5-[[2-(2-naphthylmethyl)bcnzoxazol]-5-ylmelhyl] forms differ from their respective salt forms somewhat in 

thiadiazoline-2,4-dione; certain physical properties such as solubility in polar 

5-[4-[2-{3-phenylureido)cthoxyl]benzyl]thiadiazoline-2,4- solvcnU, but othowisc the salts are equivalent to their 

respective free add for purposes of the present invention. 

5-[4-(2-[N-(benzoxazol-2-yl)-N-methylaiino]ethoxy]benzy] 55 Certain of the compounds of the present invention can 

thiadiazoline-2,4-dionc; exist in unsolvated forms as wcU as solvated forms, indud- 

5-[4-(3^5-inethyl-2-phenyloxazol-4-yl)propionyllbenzyl] ing hydrated fmns. In gencraL the solvated forms, including 

tfiiadiazoline-2,4<lione; hydrated forms, arc equivalent to unsolvated forms and are 

5-[2-(5-methyl-2-phenyloxazol-4-ylmethyl)benzofuran-5- intended to be enconq)assed within fee scope of the p-csent 

ylmefeyll-oxazolidine-2,4-dione; 60 invention. Certain of fee compounds of fee present invention 

5.[4.[2-[N-methyl-N-(2-pyridyl)amino]ethoxy]benzyll possess one or mwe chiral centers and each center may exist 

thiazolidinc-2,4^one (BRL 49653); and in different configurations. The compounds can, fecrefore, 

5-[4-[2-[N-{benzoxazol-2-yl)-N-methylaminolcthoxy] form stereoisomers. Ahhough feesc are all represented 

benzyl]-oxazolidine-Z4^onc. herein by a limited number of molecular formulas, fee 

The con^xwinds of Fonmilas I through Xm are capable of 65 present invention indudes fee use of bofe the individual 
fiirther forming pharmaccuticaUy acceptable add addition isolated isomers and mixtures, induding racemates, thereof, 

and/or base salts. Where stcrcospedfic synfeesis techniques arc onployed or 
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opticaUy active compounds are employed as starting mate- unit doses containing ^ropriate quantities of the active 

rfaJs in the preparation ofthe compounds, individual isomers component. The unit dosage form can be a packaged 

may be prepared dirccdy; on the other hand, if a mixture of preparation, the package containing discrete quantities of 

isomers is prepared, die individual isomers may be obtained preparation, such as packetcd tablets, capsules, and powders 
by conventional resolution techniques, or the mixture may 5 in vials or ampoules. Also, the unit dosage form can be a 

be used as is. without resolution. capsule, tablet, cachet, or lozenge itself, or it can be the 

Furtiietmore. the fliiazolidenc or oxazUdene part of the appropriate number of any of these m packaged form, 

compounds of Formulas I through XIH can exist in the form The quantity of active component in a unit dose prcpa- 

of tautomeric isomers. All of the tautomers are represented ration may be varied or adjusted from 0.1 mg to 100 mg 

by Formulas I through Xm. and are intended to be a part of preferably 0.5 mg to 100 mg according to the particular 

the present invention. application and the potency of the active component The 

For preparing pharmaceutical compositions from the composition can, if desired, also contain other compatible 

compounds of the present invention, pharmaceutically therapeutic agents. 

acceptable carriers can be eittier solid or liquid. Solid form compounds of Fonmilas I through XBDE are valuable 

preparations include powders, tablets, pills, capsules. agents for the treatment of the climacteric and of cancer. The 

cadiets. suppositories, and dispersible granules. A solid following illustrates testing to show Oat compounds have 

carrier can be one or more substances which may also act as ^j^^ disclosed activity, using the preferred compound lYogU- 

dihients. flavoring agents, binders, preservatives, tablet dis- ^^^^ ^^^^^ thiazoUdinedione derivatives, 

integrating agents, or an encapsulating material. foUowing examples are included to demonstrate 

In powders, the carrier is a findy diwded sohd which is embodiments of the invention. It should be appre- 

in a mLtturevdth the findy divided acuve c^^^ 20 ^ ^ ^ ^ 

In tablets, the acUvecomponent« mixed wj* Je^^ disdosedin the examples whiA foUow represent tediniques 

having the necessary binding propatiw m suitable ^opor- ^^^^ i,y the inTentors to function wdl in the practice 

tio« and compacted in the size and shape desued ^ ^ ^ considered to constitute 

TTie powders and Ublets prefmbly contam from Ave ?r ^ its practice. However, those of skill in 

ten to about seventy percent *>f*„«,^^~^° J 25 P P ^^^^ ^ 

able earners are magnesium carbonate, magnesium stearate. ^ be made in the spedfic embodiments 

talc, sugar, lactose, pecun. dextrin, starch, gelatin^ ^^^^ and stiU obtain a like or similar result 

tragacanth. methylcellulose. witfiout departing from the spirit and scope of the invention, 

caiboxymethylcellulose. a low melting wax. cocoa butter wiiuomutpo. y tr- 

and the like. The term "prq)aration" is intended to indude 30 EXAMPLE 1 

the formulation of the active compound with encapsulating Suppression of Progesterone Production in POTcine 

material as a carrier providing a capsule m which the artive Granulosa Cdls v«fli TVo^tazone and Rdated 

component with or without other carriers, is surrounded by Compounds 

a carrier, whidi is thus in association with it. Similarly. . ^ ^ ^ *t. i-. 

cachets and lozenges are included. Tablets, powders. 35 Initial studies mvestigated the dose-response of Troglita- 

capsules. pills, cachets, and lozenges can be used as soUd zone and rdated compounds on progesterone production in 

Sage foL suitable for oral adiiinistration. cultures of pormc granulosa cdls Poicme granulosa adls 

Forpreparingsuppositories.alowmeltingwax.suchasa were isolated froml- to 5-inm folbcles of ovaries from 

mixturi of fal^ a^ glycerides or cocoa butter, is first immature swjne (6(^70 J^obtamed from a local sUugh- 

mdted and tte active a»mpound is dispersed homoge- 40 tahouse (Urban et aL. 1994). The ceUs were pUted in 

neously therdn. as by stirring. The molten homogenous Eagle's ininimum esscnad medium 

SJtu^isthenpouredintoconvenientsizedmolds.allowed (FCS)ataconcentradonof 2a-30mimonceUs^60-mmd«^ 

to cool, and th^by to soUdify. for 12-16 h to facilitate granulosa cell attad^nt o Ae 

Uquid form preparations indude solutions, suspensions, plates. Monolayer culmres w« mambuned « 37 C. m 5% 

and Pulsions, te^^le. water or water proylene glycol 45 CO, throughout the stu^ Afta granulosa cdl attadmient. 

solutions. For parenteral injection Uquid preparations can be medium contammg the FCS was discarded and sctuni-free 
fonnulated in ^ution in aqueous polyethylene glycol solu- 

j.^^ tazone and BRL 49653 was added fcs 24 h. One ml of 

°Aqucous solutions suitable for oral use can be prepared by medium was coUected for measurement of progesterone by 

dissolving the active component in water and adding suit- so ^"''^"yP'^^^^'yf ^^^^^^.^^^J"^ 

able colorants, flavors. stobUizing and thidcening agents as scpaniUon of stcroi^ to enhance speofiaty (Urban d d.. 

desL^ ^ shown in FIG. 1. all three of the drugs suppressed 

Aqueous suspensions suitable for oral use can be tiade by progesterone production by pordne granulosa cdls in a 

di^LingtheSelydividedactivecomponentinwaterwith ^^'^^'^'^'^'^^^'^^'^f^Z^^^^^ 
vis^usiSaterial. such as' natural or synthetic gums, resins. 55 ««'PF^".'J8PS?8«'^°'1^°J"^*'^^ 

methylccUulosc. sodium carboxymcthylceUulose. and other the thiazobdmcdionc dass of drugs (HG. 1). Thi* de-^o"" 

wdl-Lown suspending agents. strated the likely utdity of TrogLtazone and related th^ 

Tdso indudemSid form preparations whid. are lidinedione derivative u. the treatment of the chm^c 

intended to be converted, shortly before use. to Uquid form and that thiazoUdme denyaUves have physiologic activities 
preparations for oral administration. Sudi Uquid fmns «o similar to those of Troglitazone. 

indude solutions, suspensions, and emulsions. These prepa- TTie time course for the suppression of progesterone was 

rations may contain, in addition to the active component done in Ae same padne granulosa odl culture system^ Odls 

colorants, flavors. stabiUzers, buffets, artificial and natural were treated for up to 24 h with zero. 1. or 10 jig^ml of 

sweeteners, dispersants. thickeners. solubiUzing agents, and TrogUtazone. As shown in HG. 2. progesterone production 

the Uke su^jressed by lYogUtazone as early as 4 h. The con- 

The ^armaccutical preparation is preferably in umt dbs- ccntration of TVogUtazone did not affect the time of onset of 

age form. In such form the preparation is subdivided into suppression (FIG. 2). 
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EXAMPLE 2 

Cell Viability of Porcine Granulosa Cells During 
Treatment With Troglitazone 

Although there was not a significant decrease in DNA 
content between control and Troglitazone-treated porcine 
granulosa cells, total protein concentrations were lower in 
the Troglitazone treatment groups. Therefore, cell viability 
was tested in these cells using a colonmetric assay that is 
dependent on the oxidation of MTS to f ormazan (absoibancc 
measured at 490 nm) by dehydrogenase enzymes found in 
metabolically active cells (Promega, Madison Wis.). This 
assay was verified in porcine granulosa cells by showing a 
linear increase in absorption with increasing cell density. 
Even at the highest doses of Troglitazone (100 pg/ml), there 
was not a decrease in cell viability in granulosa cells (FIG. 
3). This demonstrates that TVoglitazone and related thiazo- 
lidinedione derivatives arc unlikely to affect the viability of 
normal granulosa cells. 

EXAMPLES 

Studies on the Mechanism of Troglitazone 
Suppression of Porcine Granulosa Cell 
Progesterone Production 

The suppression of progesterone production in porcine 
granulosa cells by Troglitazone could be due to effects of the 
drug on the supply of cholesterol to the mitochondria. 
Before investigating proteins in the pathway of cholesterol 
transport to ttie mitochondria, it was first tested whether 
Troglitazone would inhibit progesterone production when 
cells were co-treated with 25-OH cholesterol This com- 
pound diffuses directly to the P-450 cholesterol side-diain 
cleavage enzyme (P450 sec) in the mitodiondria and acts as 
a substrate for progesterone production (Veldhuis and 
FUrlanetto, 1985). Treatment of porcine granulosa cells wiA 
Troglitazone and 25-OH cholesterol demonstrated that even 
in the jffesence of 25-OH chol&tcroL Troglitazone sup- 
{ffessed progesterone production (FIG. 4). 

Having shown that Troglitazone did not impair the cho- 
lesterol transport system in porcine granulosa cells, the 
effects of the drug on the mRNA concentrations of tiie 
rate-limiting enzyme in the steroidogenic pathway, P450 
sec. were determined (Miller, 1988). Su^Tession of tran- 
scription of this enzyme would result in decreased proges- 
terone production by granulosa cells. Porcine granulosa cells 
were cultured and treated with Troglitazone (5 pg/ml) for 24 
h. Troglitazone treatment did not suppress mRNA concen- 
trations of P450 sec (FIG. 5) suggesting that the cornpound 
does not inhibit progesterone synthesis by decreasing 
expression of this specific enzyme. 

With no evidence of a direct effect of Troglitazone on the 
transport of cholesterol or the mRNA concentrations of the 
rate-limiting enzyme for steroidogenesis, P450 sec. a more 
general effect of Troglitazone on cellular function was 
studied. As stated above, TVoglitazone is a ligand for the 
PPARy orphan nuclear receptOT (Lehmann, 1995). This 
receptor binds to a DR-1 consensus element that is non- 
specific and will bind many transcription factors in this 
nuclear receptor family. It was indicated that a marked 
translocation of PPARy into the nucleus could disrupt the 
function of many genes. This mechanism would make 
rapidly growing xells expressing PPARy. such as those of 
many types mesenchymal tumors, more suscq)tible to this 
phenomenon. A DR-1 consensus oligonucleotide was syn- 
thesized (NNN-AGGTCA-N-AGGTC:a, SEQ id N0:1) 
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and used in clectrophoretic mobility gel shift assay (EMSA) 
with 15 pg of nuclear extract protein from porcine granulosa 
cells treated with Troglitazone. pioglitazone . and BRL 
49653. All three of die compounds. Troglitazone, pioglita- 

5 zone and BRL 49653 increased binding to tfie PPRE in 
granulosa cell nuclear extracts (FIG. 6). indicating that all 
three compounds had a similar effect with respect to binding 
of the DR-1 consensus sequence, although the binding was 
greatest with Troglitazone. Binding was specific in that 

10 unlabeled PPRE conq)Ctitively inhibited binding of the 
labeled DNA (FIG. 6). Moreover, an anUbody to PPARy 
showed a supershifted band in EMSA (FIG. 6). 

To further correlate the enhanced binding of PPARy to die 
DR-1 consensus sequence after treatment with Troglitazone, 

15 cultures of porcine granulosa cells were treated with 
Troglitazone, pioglitazone, and BRL 49653 (all at a 5 pg/ml 
concentration) and nuclear extract protein was collected. As 
shown in FIG. 7A and FIG. 7B, suppression of progesterone 
in these cells occurred with Troglitazone and this correlated 

20 with the increased binding to the DR-1 consensus sequence 
in EMSA. 

EXAMPLE 4 

25 Dose-Response of Human HGL5 Cells Treated 
with Troglitazone 

A PPARy expressing human granulosa cell line (HGL5) 
was selected tiiat had been transformed by the E6 and E7 
regions of the human p2pillomavirus (Rainey el aL, 1994). 

^ Although these cells were slow growing in cell culture, they 
retained their steroidogenic capacity (Rainey et al., 1994). 
Troglitazone also suppressed progesterone production in this 
cell line, although the suppression occurred only at concen- 
trations of Troglitazone greater than 10 ng/rnl (FIG. 8). 
Moreover, there was a biphasic response to Troglitazone, 
with lower concentrations actually increasing progesterone 
production (FIG. 8). 

EMSA was next performed on nuclear extract protein 

^ from HGL5 cells to determine whether the increase in 
binding to the DR-1 consensus sequence induced by Tro- 
glitazone in porcine granulosa cells was also present in this 
cell line. TrogUtazone at a 30 pg/ml concentration inhibited 
progesterone production by these cells and also markedly 

45 inaeased binding to tiie FPBE (HG. 10). 

The effects of Troglitazone on cell viability in the HGL5 
cells was next tested. A similar assay was used as described 
above for porcine granulosa cells, using MIT instead of 
MTS f(x conversion to formazan. As shown in FIG. 9. 

50 Troglitazone concentrations as low as 0.5 pg/ml caused a 
loss of cell viability. This demonstrated the utility of Tro- 
glitazone in decreasing the viability of this immortal, trans- 
formed cell line. 

EXAMPLE 5 

Treatment of Mouse Fibroblast NWTb3 Cells with . 
Troglitazone: Effects on Cell Viability, and Binding 
to the PPRE 

60 Because a decrease in cell viability was observed with the 
human granulosa cell line (H(jL5), the effects of TrogUta- 
zone on 2 other cell lines was studied. The first cell line 
tested with IVoglitazone was a PPARy e^^sdng trans- 
formed mouse fibroblast line derived from NIH'3T3 cells 

65 which over exjffesses the IGF-I receptor (NWTh3). These 
cells are of mesenchymal origin and grow more rapidly than 
the HGL5 line. In this cell line Troglitazone caused a loss of 
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cell viability at concentrations of 1.0 fig/ml and greater (FIG- 
11). These results indicated that TYoglitazone is effective in 
deaeasing the viability of PPARy-cxpressing transformed 
cell lines, and further indicate the applicability of TrogliU- 
zone in the treatment of tumor cells. 

EMSA was also done on nuclear extract protein from 
NWTb3 cells treated with 10 pg/ml of Troglitazone to 
determine whether an increase in binding to the PPRE was 
seen as in the 2 previous systems (pOTcine and human 
granulosa). As shown in FIG. 12. an increase in binding of 
PPRE was seen during treatment with Troglitazone. This 
again, suggests that the effects of troglitazone and related 
thiazolidinedione derivatives are mediated by binding to the 
DR-1 consensus sequence. 

EXAMPLE 6 

Effects of Troglitazone on the Viability of Human 
MCF-7 Cells 

A non-PPARy expressing human breast cancer cell line, 
MCF-7. was tested. In this cell line, which is non- 
mesenchymal in origin, cell viability decreased only with 
higji concentrations of Troglitazone (FIG. 13). Nuclear 
extract protein collected from MCF-7 cells treated widi 30 
Hg/ml of Troglitazone for 24 h and used in EMSA with the 
DR-1 consensus sequence showed no presence of binding. 
The results show ttiat loss of ceD viability is correlated with 
the expression of PPARy in transfornied and cancer cells. 

EXAMPLE 7 

Treatment of the Climacteric with Troglitazone 

A female hunun patient typically enters the climacteric 
from about age 40 to age 55. resulting in irregular menses 
and episodes of prolonged bleeding. In the case of a patient 
with a history of deep venous thrombosis, severe 
hypertension, severe hyperlipidemia, breast cancer, endome- 
trial cancer, cr cholelithiasis, Troglitazone would be the 
primary treatment option. In the absence of these risk 
factors. Troglitazone may be offered as an option to hormone 
treatment Prevention of irregular menstrual bleeding may 
be achieved in a human climacteric patient by administration 
of a therapeutically active amount of Troglitazone. During 
an initial treatment period, administration of lYoglitazone in 
an amount of about 200 mg per day may be directed with 
monitoring of condition. If sytrqHoms continue, administra- 
tion may be increased to about 400 mg per day. Estrogen 
levels in the patient can be periodically monitored for low 
estrogen levels or symptoms of low estrogen levels, such as 
hot flashes. Treatment with Troglitazone may continue until 
these syn^toms develop or there is evidence that the patient 
is menopausal Such evidence may be suggested by an 
elevation in levels of follicle stimulating hormone. 

EXAMPLES 

Treatment of a Human Cancer Patient with 
Troglitazone 

Troglitazone may be used for the treatment of tumor cells 
expressing PPARy. The studies documented h«ein, demon- 
strate that Troglitazone can be used to reduce the viability of 
PPARy-exprcssing cell lines, and ttiat rapidly growing cells 
arc particulariy sensitive to Troglitazone. Thus tumors that 
are known to express PPARy would be tumcH" types likdy to 
be treated with troglitazone. Mesenchymal tumors are one 
type of tumor which is particularly likely to express PPARy. 
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In cases where it is not known if a tumor expresses PPARy. 
one may use a number of methods to screen tumor cells for 
expression of PPARy including EMSA, as well as Northa-n 
and Western Blot analysis. Tbmor cell lines may be also be 

5 screened for sensitivity to Troglitazone in vitro or in vivo. 
Cultured tumor cells may be treated with concentrations of 
Troglitazone varying from about 0.1 pg to about 30 pg. 
Viability of the tumors ceils may then be assayed using a 
colorimetric assay that is dependent on the oxidation of 
MTS to formazan (absorbance measured at 490 nm) by 

^ dehydrogenase enzymes found in mctabolically active cells 
(Promega. Madison Wis.). In vivo treatment of a human 
cancer patient with Troglitazone may be achieved by admin- 
istration of about 400 mg per day of Troglitazone. An initial 
period of treatment with IVoglitazonc or a thiazolidinedione 
derivative of a cancer patient may be initiated with moni- 
toring of condition. Treatment may be continued or discon- 
tinued based oh condition of the patient Use of Troglitazone 
therapy in conjunction with odier diemotherapeutic agents, 
radiation, or surgery may in many cases be the preferred 

20 mode of treatment. Troglitazone treatment therefore, would 
inhibit the growth of the cancer so that other therapies may 
be added, thereby increasing the likelihood of curing the 
patient Troglitazone and related thiazolidinedione deriva- 
tives may additionally be used to treat patients with severely 

25 metastatic disease. Such treatment may slow tumor growth 
and reduce tumOT mass, thereby prolonging survival and 
increasing the quality of life of terminal cancer patients. 
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wherein R' and R^ are the same or different and each 
represents a hydrogen atom or a C^-Cj alkyl group; 
R^ represents a hydrogen atom, a Ci-C^ aliphatic acyl 
group, an alicyclic acyl group, an aromatic acyl group, 
a heterocyclic acyl group, an araliphatic acyl group, a 
(Ci-Cs aikoxy)carbonyl group, or an aralkyloxycarbo- 
nyl group; 

R* and R^ are the same different and each rq)resents a 
hydrogen atom, a C.-C5 all^l group or a Ci-Cj alkoxy 
group, or R* and R' together represent a C1-C4 alky- 
Icnedioxy group; 

n is 1. 2 or 3; 

W represents the — CH^— >CO, <x CH— OR** group (in 
which R* represents any one of the atoms or groups 
defined for R^ and may be the same as or different from 
R^); and 

Y and Z are the same or diffa-ent and each rq)resents an 

oxygen atom or an imino (=NH) group; 
and pharmaceutically acceptable salts tiiereof . 



SEQUENCE USUNG 



( 1 ) GENERAL INFORMXnON: 

( i t i ) NUMBER OF SEQUENCES: 1 



( 2 )INFORMXnWFC»SEQU>NO:l: 

( i ) SEQUENCE CHARACTERlSmCS: 
( A ) LENGTH: 16 base pan 
( B ) TYPE: ooddc add 
( C ) STRANDEONESS: na«|e 
( D ) TOPOLOGY: Enear 

( i X )FEAIXJRE: 

( A ) NAME/KEY: rnnrfififfil hmr 

( B ) LOCXnON: ooe<ir(l. 2, 3. 10) 

{ D ) OTHER WFORMXnON: /noie= TJ = A, C. T or G" 

( X i ) SEQUENCE I>ESaUPnON:SEQn>N0:l: 

NNNAGOTCAN AOGTCA 



What is claimed is: 

1. A method of treating climacteric symptoms in a cli- 
macteric woman patient, comprising administering said 
patient a therapeutically effective amount of a compound of 
Formula L 



R5 




2. The mettiod of 1 wherein the compound is in admixture 
55 with a irfiarmaceutically acceptable excipient, diluent, or 

carrier. 

3. The me&od of daim 1 wherein Y and Z are oxygen. 

4. The method of daim 1 wherein W is — CHj — - 

5. The method of daim 1 wherein n is 1. 

60 6. The method of claim 1 wherein R*, R^, R*, and R' are 
lower alkyl and R^ is H. 

7. The mediod of claim 1 wherein Z and Y are oxygen, n 
is 1, and W is — CHj— - 

8. The mj^od of claim 1 wherein the con^xxind is 
65 {+)-5-[[4-[(3,4-dihydro-6-hydroxy-2,5,7.8-tetramethyl-2H- 

l-benzopyran-2-yl) methoxy]phenyl]methyl]-2,4-thiazo- 
lidinedione. 
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9. A method of treating climacteric symptoms in a cli- 
macteric woman patient, comprising administering said 
patient a therapeutically effective amount of a compound of 
Formula 11: 



I 

I 



— ^ CHa-CH C= 



• Fonxuh n 



I 

NH 




Formula IV 



10 



wherein R** is substituted or unsubstituted alkyl, alkoxy, 
cycloalliyL phenylalkyi. jrfienyl, aromatic acyl group, a 5- or 
6-membered heterocyclic group including 1^2 hetcroat- 
oms selected from the group consisting of nitrogen, oxygen, 
. and sulfur, or a group of the formula 



15 



R" 



\ 
/ 



20 



25 



30 



wherein R^' and R*"* are the same or different and each is 
lower alkyl or R^^ and R*^ are combined to cadi odier either 
directly ot as interrupted by a heteroatom selected from the 
group consisting of nitrogen, oxygen, and sulfur to form a 5- 
or 6- membered ring; and 

wherein and are the same or different and cadi is 
hydrogen or lower alkyl or L* and are combined to form 
an allQ^lene group; or a pharmaceutically acceptable salt 
thereof. 

10. The method of daim 9 wherein the compound is in 
admixture with a pharmaceutically acceptable cxdpicnt, 
diluent, or carrier. 

11. The method of daim 9 wherein the compound is 
troglitazone. 

12. The method of daim 9 wherein the compound is 
pioglitazone. 

13. The metfiod of claim 9 wherein the compound is 
(±)-5-(14-{4-{2-Methyl-2(pyridylamino)cthoxy}methyl)2, 
4-thiazoiidinedione. 

14. A method of treating a climacteric symptoms in a 
climacteric woman patient comprising administering said 45 
patient a therapeutically effective amount of a con^wund of 
Fommla IIL 



wherein the dotted line represents a bond or no bond; 

V is — CH=CH— . -^=CH— , — CH=N— or S; 
D is CHa, CHOH. CO, C=N0Ri7 <x CH=CH; 

X is S, O, NRi8, — CH=N or — N=CH 

Y is CH OT N; 

Z is hydrogen. (CrC7)aikyl (C3-C7)cydoalkyl. phenyl, 
naprfithyL pyridyL furyl, feienyl, or phenyl mono- or 
disubstituted with the same or different groups which 
are (Ci-C3)alkyl, trifluoromethyl. (Ci-C3)alkoxy, 
fluoro, chloro. or bromo; 

Z* is hydrogen or (Ci-C3)alkyl; 

R^^ and R^* are eadi independently hydrogen or methyl; 
and 

n is 1. 2, or 3; 

the pharmaceuticaUy acceptable cationic salts thereof; 
and 

the pharmaceutically acceptable acid addition salts 
thereof when the con^xxind contains a basic nitrogen. 

16. A method of treating a clinaacteric symptoms in a 
climacteric woman patient comprising administering said 
patient a therapeutically effective amount of a conqxmnd of 
Formula V: 

Formula V 



NH 




Formula in 



(C3l2)b— ^ 

c6 ■' 



50 



wherein the dotted line rq)resents a bond or no bond; 
A and B are each independently CH or N. with the proviso 

that when A ot B is N, the other is CH; 
X' is S, SO. SO2, CHj. CHOH. ot CO; 
n is 0 OT 1; 

Y' is CHR20 or R^^* witti the proviso that when n is 1 and 

Y* is NR21, X* is SO2 or CO; 
Z^ is CHR22. CHjCHj, CH=CH. 



CH- 



\ / 
O 



CH. 



rw R 



55 



wherein R^^ and R*** arc independently hydrogen, lower 

alkyl containing 1 to 6 carbon atoms, 

alkoxy containing 1 to 6 carbon atoms, halogen. 60 
^ynyL nitrilc. methylthio. trifluoromethyl. vinyL 
nitro, or halogen substituted benzyloxy; n is 0 to 4 
and the pharmaceuticaUy acceptable salts thereof. 
15. A method f treating a dimacteric synq)toms in a 

dimacteric woman patient comprising administering said 65 

patient a therapeutically effective amount of a compound of 

Formula IV; 



OCH2, SCH2. SOCH2 or SO2CH2; 
R^, and R" are each independently hydrogen or 
methyl; and 

X^ and X^ are each indepcndendy hydrogen, metfiyl, 
trifluOTomcthyl, phenyl, benzyl, hydroxy, methoxy, 
phenoxy. benzyloxy. bromo, chloro. ot Auoto; 

a pharmaceutically accq)table cationic salt thereof; ot 

a pharmaceutically accq)table add addition salt thereof 
when A or B is N. 

17. A method of treating a climacteric syn^)toms in a 
climacteric woman patient comprising administering said 
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patient a therapeutically effective amount of a compound of 
Formula VI: 




or a pharmaceuticaUy acceptable salt thereof wherein R is 
alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 7 carbon 
atoms, phenyl or mono- or disubstituted phenyl whexein said 
substituents are independently alkyl of 1 to 6 carbon atoms, 
alkoxy of 1 to 3 carbon atoms, halogen, or trifluoromethyL 15 

18. A method of treating a climacteric symptoms in a 
climacteric woman patient comi^ising administering said 
patient a therapeutically effective amount of a compound of 
Formula VIL 

RsmmlaVn 20 



group being substituted or unsubstituted in the aryl or 
alkyl moiety; or R^'' together with R^ represents a 
linking group, the linking group consisting of an 
optionally substituted methylene group or an O or S 
atom, optional substituents for the said methylene 
groups being selected from alkyl-, aryl. ot aralkyl, or 
substituents of adjacent methylene groups together 
with the carbon atoms to which they are attached form 
a substituted or unsubstituted phenylene group; 
R^ and R^ each represent hydrogen, or R^ and R^ 
together rq>resent a bond; 

represents a benzene ring having in total up to 3 
optional substituents; 
represents O or S; and 
n represents an integer in the range from 2 to 6. 
20. A metiiod of treating a climacteric symptoms in a 
climacteric woman patient conq)rising administering said 
patient a therapeutically effective amount of a compound of 
Formula IX: 



I 

Ai-0-CO-N-(CH2>, 



-X*-4- A3 -4— CH-C ^ 



I 



NH 



A5-xe_(CH2>. 



V J I NH 



Formula DC 
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Off a tautommc form thereof and/or a pharmaceuticaUy 
accepUble salt thereof, and/or a pharmaceuticaUy accq)table 
solvate thereof, wherein: ^ 
A^ represents an alkyl group, a substituted or unsubsti- 
tuted aryl group, ot an aralkyl group wherein the 
aUcylene ot the aryl moiety may be substituted or 
unsubstituted; 

A^ represents a benzene ring having in total up to 3 35 
optional substituents; 

R^'* rqjresents a hydrogen atom, an alkyl group, an acyl 
group, an aralkyl group wherein the alkyl or the aryl 
moiety may be substituted or unsubstittited, or a sub- 
stituted or unsubstituted aiyl group; or A^ together with 40 
R^^ represents substittited or unsubstituted C2.3 poly- 
methylene group, optional substituents for the polym- 
ethylene group being selected from alkyl or aryl ot 
adjacent substituents togetiier with the me&ylene car- 
bon atoms to whidi they are attached form a substimted 45 

or unsubstimted phenylene group; ^ 
R^^ and R^* each represent hydrogen, or R^^ and R 

togetiier represent a bond; 
X* represents O ot S; and 

n represents an integer in the range from 2 to 6. 50 
19. A mctiiod of treating a climacteric symptoms in a 
climacteric woman patient comprising administering said 
patient a therapeuticaUy effective amount of a con^)Ound of 
Formula Vin in unit dosage form: 

55 



or a tautomeric form thereof and/OT a pharmaceuticaUy 
acceptable salt thereof, and/OT a pharmaceuticaUy accq)table 
solvate thereof, wherein: 
a' represents a substituted ot unsubstituted aromatic 

heterocyclyl group; 
A* represents a benzene ring having in total up to 5 
substituents; 

X* represents O, S, or NR32 wherein R^^ rq)resents a 
hydrogen atom, an aUcyl group, an acyl group, an 
araUcyl group, wherein the aryl moiety may be substi- 
tuted OT unsubstituted. or a substituted or unsubstituted 
aryl group; 
represents O or S; 
R^^ represents an aUcyl, aralkyl. ot aryl group; and 
n represents an integer in tiie range from 2 to 6. 
21. A method of treating a climacteric symptoms in a 
climacteric woman patient con^)rising administering said 
patient a therapeuticaUy effective amount of a con^KHind of 
Formula X: 



A'-X'-(CH,)b--!f -+- A« -j-CH-C ^ 



Fammla X 



NH 



Fomula Vm 



R»— CO 



60 



OT a tautomeric fana thereof and/or a pharmaceuticaUy 
acceptable salt hereof. and/OT a pharmaceuticaUy acceptable 
solvate thereof, wherein: ^5 
R^ and R^ eadi indq)endently represent an aUcyl group, 
a substituted or unsubstituted aryl group, ot an araUqrl 



or a tautomeric form thereof and/OT a phannaceuticaUy 
acceptable salt thereof, and/OT a i^armaceuticaUy acceptable 
solvate thereof, wherein: 

a' represents a substituted ot unsubstituted aryl group; 

A® represents a benzene ring having in total up to 5 
sut^tituents; 

X® represents O, S, or NRj^ wherein R^ represents a 
hydrogen atom, an alkyl group, an acyl group, an 
araUcyl group, wherein the aryl moiety may be substi- 
tuted OT unsubstituted, r a substimted or unsubstimted 
aryl group; 
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represents O or S; 
R^' rejM-esents hydrogen; 

R^® rqjrcsents hydrogen or an alkyl. aralig^L or aryi group 
or R^^ togetiier with R^ rq)resents a bond; and 

n rq)resents an integer in the range from 2 to 6. 

22. A method of treating a climacteric symptoms in a 
climacteric woman patient comprising administering said 
patient a therapeutically effective amount of a compound of 
Fbmuila XL 



10 



I 

Ai-N-(CH2>. 



Fonnula XI 



NH 



15 




(K a tautomeric fosm thereof and/or a pharmaceutically 
acceptable salt thereof, and/or a pharmaceutically accq)table 
solvate thereof, wherein: 20 
A* TCprcseats a substituted or unsubstituted heterocydyl 
group; 

R* rq)resents a hydrogen atom, an alkyl group, an acyl 
group, an aralkyl group, wherein the aryl moiety may 
be substituted or unsubstituted, or a substituted or ^ 
unsubstituted aryl group; 
A^ rq)resents a benzene ring having in total up to 5 

substituents; and 
n represents an integer in the range of from 2 to 6. 
23. A method of treating a climacteric symptoms in a 
climacteric woman patient comprising administering said 
patient a therapeutically effective amount of a compound of 
Fonnula XII or XIIL 



35 



40 



45 



50 



or a phannaceutically acceptable salt thereof wherein the 

dotted line rq)resents a bond <x no bond; 
R is cycloalkyl of three to seven carbon atoms, naphthyL 
thienyl. finyl, phenyl or substituted phenyl wherein 
said substituent is alkyl of one to three carbon atoms. 



alkoxy of one to three carbon atoms, trifluoromethyl. 

chloro. fluoro or bis(trifluoromethyl); 
R^ is alkyl of one to three carbon atoms; 
X is O or C=0; 
A is O or S; and 
B is N or CH. 

24. A method of treating a climacteric symptoms in a 
climacteric woman patient comprising administering said 
patient a therapeutically effective amount of a compound 
selected from the group consisting of: 
(+)-5-[(4-[(3,4-dihydro-6-hydroxy-2.5,7,8-tetramethyl- 
2H-l-ben2opyran-2-yl) methoxy]phenyl]methyl]-2,4- 
thiazolidinedione: (troglitazone); 

4- (2-naphthylmethyl)- 1 ,23 ,5-oxathiadiazole-2-oxide; 

5- [4-[2-[N-(benzoxa2ol-2-yl)-N-methylamino]ethoxy] 
benzyl]-5-methylthiazolidine -2.4-dione; 

5-(4-[2-[2,4-dioxo-5-phenylthiazolidin-3-yl)ethoxy] 

benzyl]thiazolidine-2.4-dione; 
5-[4-[2-[N-methyl-N-(phenoxycarbonyl)amino]ethoxy] 

benzyl]thiazolidine-2,4-dione; 
5-[4-(2-phenoxyethoxy)benzyl]thiazolidine-2,4-dione; 
5-[4-[2-(4-chlorophenyl)ethylsulfonyl]benzyl] 

thiazolidine-2.4-dione ; 
5-[4-[3-(5-methyl-2-phenyloxa2ol-4-yl)propionyl] 

ben2yl]thiazolidine-2,4-dione ; 
5-(4-[(l-methylcyclohexyl)methoxy]benzyl] 

thiadiazolidine-2,4-dione: (ciglitazone); 
5-[ [4-(3-hydroxy- l-methylcyclohexyl)methoxy]benzyi] 

thiadiazolidine-2,4-dione; 
5-[4-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxyl]benzyl] 

thiadizolidione-2.4-dione; 
5_[4.[2-(5-ethylpyridin-2-yl)ethoxyl]benzyl] 

thiadiazolidine-2,4-dlone: (pioglitazone); 
5-[(2-benzyl-2,3-dihydrobenzopyran)-5-ylmethyl] 

thiadiazoline-2.4-dione: (englitazone); 
5-[[2-(2-naphthylmethyl)benzoxazol]-5-ylmethyl] 

thiadia2oline-2.4-dione; 
5-[4-[2-(3-phenylureido)ethoxyl]benzyl] thiadiazoline-2 . 

4- dione; 

5-[4-[2-[N-(benzoxazol-2-yl)-N-methylamino]ethoxy] 

benzy]thiadiazoline-2,4-dione; 
5-[4-[3-(5-methyl-2-phenyloxazol-4-yl)propionyll 

benzyl]thiadiazoline-2,4-dione; 
5-[2-(5-methyl-2-phenyloxazol-4-ylmethyl)benzofuran- 

5- ylm^yll-oxazolidine -2,4-dione; 
5-(4-[2-[N-methyl-N-(2-pyridyl)aminolethoxy]benzyl] 

thiazolidine-2,4-dione ^RL49653); and 
5-[4-(2-[N-(benzoxazol-2-yl)-N-methylamino]ethoxy] 
benzyl]-oxazolidinc-2 ,4-dione. 
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[57] ABSTRACT 

A method of treating cancer by the use of a multidrug 
chemoth»:apeutic regtmen determined by in vitro pharma- 
coscnsitivity tests. A cell suspension is frq^ared from a 
tumor specimen obtained from the patient The viable tinnoi 
cell count within the cell suspension is calculated. The 
volume of the cell suspension is then adjusted to obtain a 
base cdl concentration by diluting the cell snspenaon with 
patient medium in proportion widi the viable tumor cell 
count A sanq>le of the cdl suspension is retained as a 
negative control sample. Drag samples are then prepared, 
each drug sample containing a mixture of cell suspension, 
patient mcdiim), and a drag selected from several diugs, 
wherein each drag sanqde contains a differ^ dn^ which is 
added to ttie drug sample in an aliquot amount propoitional 
to the base cdl concentration. The drag san^>les and nega- 
tive oontrol sample are then incubated. After incubation, the 
drug sanities and negative control samite are stained with 
a DNA intercalating dtye. The cell viability in the drag 
sm^Hes and negative control sample is determined by use of 
a flow cytometeD The cell vialnlity in die drag samples and 
negative control san^e is coiiq>aied to detenmne the phar- 
macosensitivity of the tumon Amiiltidrag treatment r^jimen 
is dien administered to the patient, wherein the regimen 
indttdes the drag^ shown to be most effective against the 
tumor in the phannaoosensitivity assay. The treatment has 
been shown to be espedaUy usef^il in the simnltaneous 
treatment of primary tuners and their metastases, especially 
when the cfaesnother^utic regimen is administered looore- 
gionaUy by intra-artedal infusion methods. 

14 Claims, No I>rawiiigs 
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FLOW CYTOMETRIC use of phamiacosensitivity assays since medical personnel 

PHARMACOSENSrriVnY ASSAY AND frequently cannot afford to expend extended amounts of 

METHOD OF CANCER TREATMENT time perfonning a phamiacosensitivity assay because of the 

threat of disease progression. Owing to this disadvantage, 
s the remainder cf this disclosure (and the invention disclosed 

FIELD OF THE INVENTION herein) are addressed to a "shart-tenn" assay, that is, a 

Thepiesent invention relates generally to amethod of in pharmacosensitivity assa^^^^^ 

. c ^ * u J • I. one week to complete between the time of detection of the 

vivo treatment of cancer patients based on in vitro pnarma- j *u i * *u 

^ ^ J n It * ^ r disease and the completion of the assay, 

cosensitivity tcstmg, and more specifically to a method of j 

cancer treatment with a chemotherapeutic regimen dictated Second, as noted by many of the aforementioned studies, 

by flow cytometric pbarmacosensitivity tests. many of the prior art pharraacosensiUvity assays are not 

applicable to all types of tumors, e.g., liquid tumors or very 

DESCRIPTION OF THE PRIOR ART hard tumors. As a result, a specific prior ait assay cannot be 

used for all patients, and different patients require different 

PHi'^lMACOSENSmvrrY ASSAYS 15 tests tailored to their specific types of tumors. This results in 

Cancer researdiers have long been interested in discov- ^ increase in the overall cost of testing for aU patients, and 

ering ways to predict the response of different individuals^ ^nds to have the effect of reserving assay-based treatment 

tumors to different chemDtherapcutic agents. However, for the wealthy few who can afford such mdividnalized care, 

tumors generally indude cancer cells from numerous dif- Third, the prior art pharmacosensitivity assays siii^)ly do 

fearent tumor cell lines whidi live together in equilibrium. ^ not present an accurate reflection of in vivo drug plication. 

Different cell lines may be moxc resistant to chcmo1herq)y Many of the ass^s suffer from low coirelation between in 

than others. Thus, because certain individuals may have vitro and in vivo results for particular (or all) tumor types 

tumors with diug-resistant cell lines intermingled with and cell lines. 

"generic" tumor cell lines, medical personnel cannot simply Due to the disadvantages listed above, the use of short- 
assume that administration of a drug which is ordinarily term pharmacosensitivity assays has been discouraged for 
effective against a certain type of tumor in most individuals use in cancer patient treatment, especially for the jHimary 
will be effective in a particular individual suffering from that treatment of newly diagnosed patients; patients for whom it 
type of tumor. It has long been recognized that because ci is believed that effective treatment exists; and for patients 
the heterogeneous nature of tumors and the likelihood of ^ with a drug-sensitive tumor who fail the first trial of che- 
adaptive mutation due to the inherent instability of the tumor mothcrapy. Sec, e.g., DeVita ct al (1989). It is believed in 
genome, a blanket or '*off4he-shelf* phamaceutical agent for the art that shcrt-term phamacosensitivity assays may pro- 
curing cancer, even a particular type of cancer, is unlikely. vide a benefit insofar as they can deter patient exposure to 
Several studies have expressly noted ttiat blanket treatment the toxicity of drugs that are unlikely to be effective, but 
of a groi^ of patients wi& a specific anti-cancer drug or otherwise the assays cannot recommend a patient treatment 
drugs often works very well for a subpopuladon of the regimeD superior to one devised by an e]q>erienced medical 
patients, but ifaen eidier woiks minimally or not at all for the practitioner who exercises sound judgment, 
remainder of the patients because these patients suffer firom 

drug-resistant tumors. Lacombe et aL (1994); Smit et aL USE OFAMUXITDRUG 

(1992). As an exanqple, doxorabidn is commonly adminis- CHEMOTHERAPEUTIC REGIMEN IN CANCm 

tered for lung carcinoma due to its high effectiveness in TREATMENT 

certain cases, but for cartain patients, treatment is virtnally known that a chemothff^>eutic treatment regimen 

ineffective. In short, generic treatment mediods frequently ^^^^^ scv^ drugs may be mere effective than the best 

do not woric with specific individuals because of varying ^ summarized by Arvelo et aL (1993), this is 

tumor phraotypes. ^1^^ several reasons. First, separate chemother^utic 

In response to this problem, some researchers have pro- agents have different itmiring toxicities and can therefore be 

posed the use of in vitro pharmacosensitivity assays to combined in doses dose to their mAximTim single-agoit 

substitote for the lack of in vivo dam for individual cancer leveL Second, one agent can ^ to reach a disease confined 

cases: by testing an individual's tumor response to a che- to an organ, as if the tumor were in a pharmacological 

motherapeutic agent in vitro, the individual's tumor ^ sanctuaiy, but other agents may be able to access the organ 

response to that agent in vivo can siqiposedly be predicted. mere efficiently. Third, a degree of potentiation exists 

Most pharmacosensitivity assays currently in use are at least between die agents in their efficacy against tumor cells to a 

partially based on the pioneering soft agar tumor culture greater extent than nomiial cdls. Hnalfy, diffbent cellular 

assay of Salmon et al. (1977). Other exenqdaty phama- mftrhflnigmg of resistance can be activated by different 

cosoisitivity assays are die MIT (3-(4,5-dinDethyl-fiiiazol- agents. 

2ryl)-2,5-<Ii0iaiyl tetrazoHum bromide) test and flic dye j^se who treat cancer are stiff left wifli tiw proWan of 

eKchision assay test Mossnuum (1983); Smit et al., supra choosing Ae chcmotha^>eutic drags to be used in a mul- 

(1992); Hwang et al. (1993). The prior art contains several treatment regimen. TTiere are Ktaally hundreds of 

in vitro studies cf turner response acoonUng to tiicse assays potential cfaaaiothei^>eutic agents to oan*ine with a wide 

and coorelates in vitro and in vivo results, e.g., Sdiadendorf variety of possible individual dosages, lesnltiBg In an infi- 
ctaL(1993). 

nite nuniber of possible nmltidnig regimeiis. Medical per- 

Unfomin atfily, the prior art pharmacosensitivity assays sonnel are generally inclined to spply one or moEre drugs 

suffer from several drawbacks which have prevented their shown by the imor art to be effective alone or in combination 

widespread use. against the particular type of tumor to be treated. However, 

First, as noted by the prior art, some assays are diffiodt, 63 as noted above, there is no guarantee that '^iff-tbe-shelf* 

expensive, and time-consoming to p erfor m . The last of &ese treatments will be effective against paiticuiar individuals' 

disadvantages is possibly the greatest hurdle to widespread tumor cell lines. The use of a phamiacosensitivity assay 
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could help medical personnel to choose the most effective for example, acridine orange, Hoechst 33342, and ethidium 

drugs for use in a multidrug treatment regiraen, but the priOT bromide. Darzynldewicz ct al., supra (1992); Bryson, 

artpharmacosensitivity assays, which generally require con- (1994); Huschtscha et al (1994); Sun et al. (1992). 

siderable time and expense to screen the effectiveness of a SUMMARY OF THE INVENTION 

single drug or a handful of drugs, arc too inefScient to allow 5 

the sCTeening of dozens of drugs. In view of the above 'Hie present invention is directed to a method for treating 

considerations, those who suffer from cancer are in need of cancer comiBising the foUowing stq>s. A cancer cdl sus- 

a method of cancer treatment which allows fast and easy pension is prepared from a specimen taken from a human 

determination and administration of an effective multidrug c^ccr patient's tumot The ceU suspension is purified of 

chemotherapeutic regimen which is particularly tailored to lO non-cancff ceU components, e.g., blood cells, by separating 

thenecdsof thcindividual,i.e..amethod of cancer treatment these conqwnents out by use of monoclonal antibodies and 

which accounts for all of the unique specific cell lines within magnetic beads, or other separation means. Several drug 

the individual's tumor. sanq)les, hereinafter referred to as "drug samples," are then 

prepared from the cell suspension and several putative 

APOPTOSIS 15 cancer cell growth-inhibiting drugs, i.e., drugs which are 

believed to be likely candidates for chemotherapeutic treat- 
There are two major moiphologicaUy and biodicmically ^^^^^ ^^^^ ^j^ig sample contains a mature of 
distinct modes cf deatii in nucleated eukaryotic cells: necro- jg^st one drug and die ceU suspension. The drug saii5>les 
sis and apoptosis. Necrosis is essentiaUy degenerative in arethenincubated. After incubation, the tumor ccU viability 
nature and geneially arises due to severe injury to cells. ^ of each drug sample is determined to obtain a measure of the 
Apoptosis, on the other hand, is associated with the process ^^^^ phannacosensitivity (the tumor cell response) to 
of physiological ccU death and appears to play a role the drugs. A drug trcatn^nt regimen is then selected for the 
opposite tiiat of mitosis. Apoptosis is a mechanism by which patient on the basis of the measured tumor ceU viabilities for 
a variety of cell types are deleted during emhiyomc devel- j^e drug samples. The drugs used in the treatment regimen 
opment (morphogenesis) and hormone-induced organic arc diosen from the drugs corresponding to the drug saii5)les 
involution. It also occurs in a variety of nOTnaal adult tissues, having the lowest tumor cell viability. The drug treatment 
in particular those with a higji ceU turnover and during regimen is administered to the patient in an amount which is 
normal aging. Van de Loosdrecht et aL (1993). effective to inhibit the growth the cancer. 

Since the efficacy of several chemotherapeutic drugs The present invention is additionally directed to a method 

correlates with their ability to induce apoptosis in tumor for treatiog cancer comprising the following steps. A cell 

cells, the study of apoptosis is of interest to cancer research. suspension is pr^ared from a cancer specimen obtained 

Darzynkiewicz et aL (1992). Several researchers have stud- from a human cancer patient. A sample of the cell suspcn- 

ied the apoptosis-indudng effects of various chemothera- sfon is retained as a control sample. Drug samples are then 

peutic drugs. For example, Christ et al. (1993) studied the prepared from the cell suspension and several putative 

effect of oxystCTols on ^^optosis of RDM4 murine lym- cancer cdl growth-inhibiting drugs, that is, drugs which are 

phoma and mouse thymocytes in vitro and paralleled the interest as potential candidates for a multidrug chemo- 

findings of the study with in vivo application. Elprana et al. therapeutic regimen. Each drug sample contains a mixture of 

(1992) performed a similar study on the effects of cisplatin jjje cell suspension and at least one drug. The control sample 

and bleomycin on squamous cell carcLnomas obtained from and drug samples are then incubated. After incubation, the 

the head and neck regjon. Lacombe et al., supra (1994) ^ control saniples and drug sanq>les are stained with a DNA 

ooiiq)ared the results of in vitro application of Ara-C to acute intercalating dye, and the cancer cell viability in the control 

myeloid leukemia with in vivo results and found good saiiq)le and the drag sanq)les is detemiined by use of a flow 

coirelation. Campana et aL (1993) tested the in vitro sensi- cytometei. The cancer cell viability of each drag sample is 

tivity of lyn^oblasts from acute lynqAoblastic leukemia in conq>arcd to the canccf cell viahiKty of the control ssmple 

response to five anti-leukemic drugs and oonqKired the iq detennine the efficacy of each drug against the cancer 

results to in vivo response. cells. A drug treatment regtmen is then prepared for flie 

Other researchers have similady investigated the effects patient containing selected drugs chosen from ttie several 

of certain biological lespcmse naodificrs, e.g., interferons, on drugs used in the drug samples. The selected drugs corre- 

apoptods. Dao et aL (1994); Thoth ct aL (1992); FhicMger spond to the drug samples having the lowest cancer cell 

ct aL (1994). 50 viability in comparison to the control sampla The drag 

During research, apoptotic cells may be detected in sev- treatment regimen is adndnistered to the patient in an 

eral ways. First, qx>ptotic cells illustrate intemudeasomal amount whidi is effective to iidiibit the growth of tiie canccL 

cleavage of nuclear DNA into nudeosomc-sized fragments The present invration is furtiier directed to a me&od of 

of 200 base pair digonudeosomalsubunits. This registers as treating cancer in human cancer patients comprising tiie 

a ladder-liloe pattern on agarose gd slabs following dectro- 55 f ottowing steps. Ftrst^ a cell suspoision is prepared from a 

ptiorctic separatiorL Additionally, Nic<4etti ct aL (1991) cancer specimen taken from a human cancer patient Hie 

describes a method for detecting spopto&c cells by flow- viable cancer cdl count within titie cell suspension is calcu- 

cytometric analysis of isolated nuclei stained with pro- lated. The volume of the cell suspension is then a<Susted to 

pidimn iodide (PI), an intercalating DNA stain, in hypotonic dbtsan a base cdl concentration by diluting the ceU suspen- 

buffer. The faig|ily-diaiged H mDlocules cannot penetrate 60 sion with patient mediam in proportion wifli the viable 

tiie membranes of living cdls but are able to penetrate die cancer ceU count A sample cf the cell suspension is retained 

intact membranes of dead, i.e., apoptotic, cells. When as a negative control sanqile. Drug sanies are then 

endted by laser li^t from a flow cytometer at 488 nm, the prqpared, each drug saiiq>le containing a mixture of cell 

FI emits red fluorescence at 540 nm, allowiog the flow suspension, patient mediinn, and a drug sdected from sev- 

cytomctcx to easily detect and count the apoptotic cells. The 6S eral putative cancer cdl growth -inhibiting drags. Ead> drag 

prior art disdoses modification of the Nicole et aL, supra sanqde contains a different drag whidi is added to the drag 

(1991) jDdhod wherdn other DNA stains are used as wdl, sanqde ia an aliquot amount iMOportional to the base cell 
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conccDtration. The drug samples and negative control 
sample are then incubated. After incubation, the drug 
samples and negative control sample arc stained with a DNA 
intercalating dye. The cancer cell viability in the drug 
samples and negative control sample is determined by use of 
a flow cytometer. The cancer cell viability in the drug 
samples and negative control sample is compared to deter- 
mine the pharmacosensitivity of the cancer cells. A dnig 
treatment regimen is formulated by selecting one or more 
drugs from the several cancer cell growth-inhibiting drugs. 
The selected drugs correspond to the drug samples having 
the highest cancer cell pharmacosensitivity. The drug treat- 
ment regimen is then administered to the patient in an 
amount which is effective to inhibit the growth of die cancer. 

The invention provides an exceptionally rapid and versa- 
tile method of determining and administering an effective 
multidrug chemotherapeutic treatment regimen to a patient 
suffering from canceE E allows the choice of an individu- 
alized and optimized chemotiierapeutic regimen for a cancer 
patient in the, space of approximately 48-96 hours after 
surgery or after a biopsy specimen of the tumor is obtained, 
thereby minimizing ie oppcatunity for disease progression 
as die procedure is being carried out. Because the choice of 
the drugs used- for the regimen is dictated by the patient's 
own tumor, the treatment is individualized. Such treatment 
is prefared over an "off-the-shelT multidrug treatment 
because (1) it accounts for aU tumor cell lines, and (2) it 
accounts for dxug-resistant tumor ceU lines, including the 
drugs effective against such cell lines and excluding those 
diat are ineffective. It is believed that every different tmnor 
from eveiy different patient has a unique biological 
behavior, and that the patient will not receive the best 
possible treatment unless this is recognized. The benefits of 
the procedure are demonstrated by the fact that 78% of the 
patients treated by use of die procedure have achieved total 
or partial remission. Additionally, the mutidrug regimen 
dictated by the procedure has low toxicity insofer as inef- 
fective cbemothenq)euti[c agents arc diminated from the 
regimen. 

It has been found diat the procedure is also highly 
effective in treating metastases from primary tumors. Quite 
often, chemothexapeatic treatment is directed primarily 
toward the primary tumor and only secondarily to 
metastases. As a result, even where &e primary tumor is 
defeated, the patient proceeds to peridi from the metasta- 
static tumocs. This is because tceatnxent tailored for a par- 
ticular (and often organotropic) primary tumor may be 
ill-suited for the treatmoit of distaiU metastases elsewhere. 
By developing a treatment reghnen on die basis of the 
sensitivity of the particular cell lines rather than the typ& or 
iocaticm of a primary tumor, the procedure allows the 
development of an effective treatment regjmai for both 
primary and metastatic tumors. 

The procedure is weU-snited f(H: evearyday pofonnance in 
a laborataiy. Because the [ffocedme may be used for all 
types cf tumors, and because it may be ran for numerous 
difiezent patients amtinaously or simultaneously^ it is cost- 
effective for use with practically all cancer patients. Hie cost 
of the procedure can be further reduced if one or more the 
steps of the procedure are automated. 

Apart from the treatment of cancer, tfie procedure is 
c^>ected to have explication in the treatment cf a<!$uvant 
dier^y, whoein treatment is ^lied to an individual with- 
out evidence of disease due to a hi^ likelihood of the 
presence of microscopic metastases. As an exaiiq>le, the 
procedure is expected to have value in the treatment of those 
who suffer from the Human Immunodeficiency Virus (HIV) 
where cancer is believed to be presoit 
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The procedure is also useful for assessing the general 
efficacy of proposed new medications, ftesently, proposed 
chemotherapeutic agents are tested in a broad range of 
concentrations against ^proximately 60 different tumor cell 

5 lines in a panel performed at the National Cancer Institute. 
The U.S. Food and Drug Administration (FDA) then uses 
. small animals and rodents to test toxicity. Hie overall testing 
process takes a very long time, and as a result, the time lapse 
between discovery and actual use of a new medication talces 

10 an extremely long time. The procedure may be used to 
rapidly test proposed hew chemotherapeutic agents against 
bone marrow cells to determine the toxicity of the agent, aod 
against different cell lines to determine its efficacy. Because 
the basic procedure only takes an average of 72 hours tc 

15 perform, the drug testing process can be grcaOy accelerated. 
Further advantages, features, and objects of the invention 
will be apparent from the following detailed description of 
the invention. 

20 DETAILED DESCRIFnON OF THE 

INVENTION 

DEFINITIONS 

The following definitions are Lotended to assist in pro- 

"25 viding a dear and consistent understanding of the scope and 
detail of certain terms used througliout this specification. 

Biological Response Modifiers: Substances whose origin 
lies in the human (or animal) body, or which are man-made 
and mimic particular biological functions of such sub- 

^ stances. Biological response modifiers have synergistic 
effect and produce increased tumor cell kill with a number 
of diemotherapeutic agents with little, if any, added side 
effects; have antitumor activity of dieir own; enhance popu- 
lations of immune effector cells, such as natural killer cells 

^5 and cytotoxic T cells; and lower levels of tumor growth 
factors sudi as insulin-like growth factor I Perb^s the 
best-known biological response modifiers are interferons, a 
family of over 50 closely related glycoproteins with 
antiviral, Immunc^gulatQry and antiprohferative functions. 

^ The immunoregulatory functions of interferons, such as the 
enhancement of natural idller lymphocyte activity, the 
increase in tnstocon^atibility antigens, the activation of 
monocytesAnacrcphages, and B cell functions have proven 
to be of clinical iiiq>ortance, for example, in protecting bone 

^ marrow from the toxicity of chemother^y. As an exanq>le, 
intesfexon alpha (IFNa) has been found to result in a 
considerable percentage of clinical remission alone or in 
combination with other drugs in diseases such as hairy-cell 
leukemia, chronic myelogenic leukemia, non-Hod^ldn's 

^ lynqihoma, multiple myeloma, and essential thrombocyto- 
sis. 

The invention includes, but is not limited to, the fcilowing 
biological response modifiers, supplied fay the following . 
exen^lary manufactuteirs: 

G-CSF, granulocyte-colony stimulating factor or 

filgrastim, by Amgen, Inc. (Thousand Oaks, CaUf. 

91320) under the trademark "NEUPOGEN"; 
C^-CSF, granulocyte macrophage-colony stimulating 

factor or sargramosrhn, such as the reromWnant human 

GM-CSF produced by Imnmnex Corp. (Seattle, Wash. 

98101) under the tradonark 1.EIJKINE"; 
ttHuIFNa (natural human leufcocyte interferon a^pha), by 

Virog^ A. G. (Basel, Switzeiiand); 
65 nHuIFNan-3 (natural human leukocyte interferon alpha 

n-3), by Bndue Ecederick Ca undca' flte trademark 

"ALFERON" (Nonvalk, Conn. 06856); 
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nHuIFNp (natural human interferon beta or natural BCNU (bis(chloroethyl)-nitrosurea or Cannustine, e.g., 

human fibroblastic interferon), by Virogen Labs., 'TBI CNU* by Bristol-Myers Oncology, a Bristol-Myers 

Basel, Switzerland; coiq)any, Evansville, Ind 47721): an alkylating agent com- 

rIFNa-2a (recombinant interferon alpha-2a), by Roche nionly used in palliative therapy as a single agent or in 

Laboratories, a division of Hoffman-LaRoche Inc. 5 combination therapy with other chcmotherapeutic drugs. It 

(Nuttey, N.J. 07110) under the trademark "ROFERON- is also used for treating brain tum«-s, multq)lc myelomas, 

Hodgkin's Disease, and Non-Hodgkin*s lymphomas. 

rIFNa-2b(recombii.antinterferonalpha-2b),bySchering Bleomycin (eg «^LENOXANE- by Bristol-Myers 

Coqx (Kenflworth. N.J. 07033) under the tradenmrk ^J^}^^' ^ Bnslol-Mycn company EvansviUc tod. 

"INTRON-B"' 47721): an antitumor antibiotic commonly used in palliative 

T,-n.TQ ti. / V- * • * u II fiui«fr..^«^ treatment. It has been shown to be useftil in the management 

rIFNB-lb (lecombmant mterferon beta-lb or fiblareron). ^ « • h * i * 

iT ^ , r u /r»-^ A vf csAiiaA\ tK^ of squamous ccll carciQoma as wcU as tcsticuIaT carcmomas 

by Berlex Labs. (Ridimond, Calif. 94804) under the ^^^^ homas 

trademark "BETASERON^ ^"cis^-^tin'^Lplatinum, e.g., -PLAIINOL" bv Bristoi- 

rlFNT-lb (recombinant interferon gamma- lb or ^yers Oncology, a Bristol-Myers company. EvansviUc. Ind. 

polyferon), by Genentech, Inc. (San Franciso), Calif. 4772I): a coordination complex of platinum 

94080) under the trademark "ACTIMMUNE ; (dsdiaminedichloroplatinum n) commonly used as a pal- 

rIU2 (interleukin 2 or aldesleukin) by Chiron Ther^u- ^^^^ treatment for testicular tumors, ovarian tumors and 

tics OEmcryvillc, Calif. 94608); and advanced bladder cancer. It has also been shown to promote 

somatostatin, or analogues such as octreotide acetate, by ^ regression in head and neck cancer as well as lung, cervical, 

Sandoz Pharmaceuticals, Inc. (East Hanover, NJ. and gastric cancers. 

07936) under the trademark "SANDOSTTAITN." Cladribine (e.g., "LEUSTATIN" by Onho-Biotech, 

The invention further includes the following biological Raritan, NJ. 08869): a cytotoouc drug commcHily used for 

response modifiers which have been under clinical investi- treating hairy ccll leukemia. 

gation: 25 Cyclophosphamide (e.g., "CYTOXAN" by Bristol-Myers 

nHuIFN7t-(natural human interferon pi, or antitumor spe- Oncology, a Bristol-Myers company, Evansville, Ind. 

cific interferon), the subject of copending U.S. patent 47721): an alkylating agent commonly used for treating 

application 07/179,529; malignant lyit^homas, multiple myeloma, leukcmias, 

iTNF (recombinant tumor necrosis factor), by Chiron neuroblastomas, adenocarcinomas of the ovary, rettnoblas- 

Therapeutics (Emeryville, Calif. 94608). 30 tomas and breast carcinomas. Although effective alone in 

rIL-3 (interleukin 3), by Sandoz Pharmaceuticals, Inc. suscq)tiblemalignancies,it is more frequently used concur- 

(East Hanover, N.J. 07936). rently or sequentially with other antiplastic drugs. 

Drug: Throughout this specification, the term "drug" is Dactinomycin (Actinomycin-D, e.g., "COSMEGEN^ by 

understood to mean any substance used in the diagnosis, Merck Sharp & Dohmc, West Pointc, N.Y. 19486): a cyto- 

tieatment, cure, and prevention of cancer. More specifically, 35 toxic crystalline antitumor antibiotic commonly used for 

the term "drug" will be used to ^ply to substances which treating Wlm*s TUmor, and also in combination with other 

arc known or suspected to directly or indirectly prevent or drugs for cancer of the testes and uterus, as well as mela- 

inhibit ttic growth of cancer cells, either by directly attacking nomas and sarcomas. 

the cancer cells, by stimulating the body's iimnune system, Doxorubictn (e.g., "ADRIAMYC3N" by Adria Labs., 
cr by other means. It is understood that "drug" also encom- 40 Columbus, Ohio 43216): one of the most commonly used 
passes substances which are not believed to prevent or cytotoxic drugs, doxorubicin is an antitumor antibiotic corn- 
inhibit ttie growth of cancer cells by themselves, but which m<Hily used for treating bladder, breast, head, neck, liver, 
arc known or suspected to do so when used in combination lung, ovarian, prostatic, stomach, testicular and thyroid 
with one or more other drags (eg., mesna, discussed below). cancer, as well as Hodge's disease, leukemia, Wlm's 
The term includes, but is not limited to, chemotfaenq>eutic 45 tumor, lymphomas and sarcomas. 

drugs recognized by the prior art, as well as the biological DTIC (e. g., "DACARBAZINE" by Miles Inc., West 

response modifiers listed above, alkylating agents, Havcn,Conn. 06516): an alkylating agent commonly used in 

antibiotics, antimetabolites, and palliatives or drugs used to treatment metastatic malignant melanoma and Hodgkin' s 

combat the side effects of chemotherapy (e . g., antiemetics, disease. 

antidianhedcs, hematological growtti factors, etc.). As 50 Etoposide (VP- 16, eg., "VEPESID" by Biistcd-Mycrs, 

exanq>les, a list of some of the drugs which can be used in Evansville, Ihd. 47721): a cytotoxic eiN|>odophyllotoxin 

the inventi<Hi follows: (podophyllotoxin derivative from &e mandrake plant) con^ 

Ami^opterin (eg., TdETHOTREXArE" by Ledcrie mraly used ft>r treating carcinoma of the lung & testes. 

Labs.): an antifDlate and one of the m^cr antimetabolites Hadaral^ phosphate (e.g., 'TLUDARA" by Berlex 

used in cancer then^y. Ame^opterin is ccanmonly used for 55 Labs., Ridnnond^ Calif. 948()4): Fludarabine phosphate is a 

treating carcinoma of the breast, head, neck, lung, cervix, purine analog antimetaboHc commonly used in tfie treatment 

penis, prostate, testis, and bladder, acute lymi^ocytic leu- of chronic lyII^)hocytic leukranla (QX). OOicr purine ana- 

keania; meningeal leukemia; non-Hodgkin*s lyi^homa; logs such as 6-MP, 6-TQ, azatMprine, aUopuninl, acydovi^ 

n^cosis fungoidcs; osteosarcoma; and trophoblastic tumors. gancylovir, deoxycofoimycin, and arabioosyladiemne (ara- 

Ara-C (Cytosine Aiabinoside or Cytarabine, e.g., 60 A) have also been shown to teive medical use and may also 

XYTOSAR" by Upjohn Ca, Kalamazoo, Mich. 49001): an be suitable for use in the invention, 

antimetabolite commonly used to promote remission of 54^ (5-fluorocytosine, CLg^ "FLUOROURAOL" by 

acute non-lynqihocytic (myelocytic) leukemia in adults and Roche Labs., a division of Hoffinan-LaRoche, Inc., Nufley, 
diildren. It has als been found useful in the treatment <rf NJ. 07110): a cytotoxic flnoropyiimidine antimetabdic 

acute lymphocytic leukemia, the blast phase of chronic 65 conmionly used in the palliative iiianagenient of cardnonia 

n^locytic leukemia, and non-Hod^dn'slynq^homa, but is of the colon, rectum, breast, ovarian, covix, bladder, 

inactive in mo^ solid turners. stomacb, liver and pancreas, 5-FU has synogi^ interac- 
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tion with other antmeoplastic agents^ interferons, and iira- 47721): a platinum analog conunonly used in palliative 

(Hation and is thus commonly used in comihination therapy. treatment of ovarian carcinoma as a single agent or in 

Floxuridine (e.g., "FUDR** by Roche Labs., a division of combination with other chemotherapy drugs. 

Hoffman-LaRoche, Inc., Nutley, NJ. 07110): a cytotoxic Prednisone (e.g., by Schering Corp., Kenilworth, NJ. 

drag conrnionly used in the palliative management of gas- 5 07033): a hormone commonly used for treating nervous 

trointestinal adenocarcinoma metastatic to the liver. Also system disorders, GI disorders, edematous states, neoplastic 

used for treating hrain, breast head and neck cancers with diseases, hematological diseases, respiratory diseases, endo- 

livcr metastases. crinc disorders, rheumatic disorders, collagenic diseases, 

Hydrea (Hydroxyurea, e.g., by E. R. Squibb & Sons, dermalogical diseases, opthalmic diseases and allergic 

Mnceton, N.J. 08543): a cytotoxic drug with demonstrated in states, tuberculosis, and tricamonis. 

tumor response for melanoma, CML (chronic myelogenous Rctinoic add (e.g., isotretinoin or "ACClTrANE" by 

leukemia) and recurrent metastatic carcinoma of the ovary. Roche Labs., a division of Hoffman-LaRoche, Inc., Nutley, 

Xdamydn (Idarubicin, e.g., by Adria Labs., Columbus, N. J. 07110): commonly used for treating treatment of severe 

Ohio 43216): a cytotoxic antitumor antibiotic commonly recalcitrant nodular acne that has been unresponsive to 

used in combination wifli other antileukemic drugs in treat- 15 conventional treatments, i.e., antibiotics, etc. Retinoic add is 

ment of acute myeloid leukemia in adults (most comnionly not a cytotoxic drug. 

Ara-C). Streptozocin (e,g., "ZANOSAR" by Upjohn, Kalamazoo, 

Ifosfamide (e.g., "BFEX"* by Bristol-Myers Oncology, a Mich, 49001): a cytotoxic drug commonly used for treating 

Bristol-Myers con^y, EvansviUe. Ind. 47721): an alky- pancreatic carcinoma. 

lating agent comnoonly used in combination with other 20 Tamoxifen (tamoxifen dtrate, e.g., "NOLVADEX** by ICI 

improved antineoplastic agents for third line diemotheri5)y Pharma, Wilmington, DeL 19897): a cytotoxic drug com- 

of testicular cancer. monly used for treating breast carcinoma in postmenopausal 

Levamisole (teramisole, e.g., **ERGAMISOLE** by Jans- women with positive estrogen receptor assay, 

sen Pharmaceuticals, Titnsville, N.J, 08560): an Twol (e.g., 'TACLirAXEL'* by Bristol-Myers Oncology, 

inmmnomodulatoi/immunGpotentiatQn commonly used in 25 a Bristol-Myers corc^iany, Evansville, Ind. 47721): a cyto- 

combination with 5-FU afto: surgical resection in Dukes* toxic drug taken from the baik of die padiic yew and 

stage C (tumor-node-metastasis stage US) colon cancer. commonly used for treating the treatment of raetasiatic 

Medilorethamine hydrochloride (nitrogen mustard, e.g., carcinoma of the ovary after failure of first-line or subse- 

^MUSTARGEN" by Merck Sharp & Dohme, West Poinle, quent chemotherapy. 

N.Y., 19486): a cytotoxic drug forracrly used as a vesicant 30 Thio-TEPA (triethylcncthiophosphoramidc, e.g., 

in chemical warfare, medilor^amine hydrochloride is an '^PARENTERAL** by Led^e): an alkylating agent com- 

alkylating agent commonly used for treating lung card- monly usedfor treating carcinoma of the bladder, breast and 

noma; chronic lynq>hocytic leukemia; chronic myelocytic ovaries; Hodgkin's lymphoma; non-Hodgkin*s lyni{^oma; 

leukemia; Hodgkin's lymphoma; non-HodgMn's lym- and malignant effusions. 

phoma; malignant effusions; and mycosis fimgoides. 35 VBL (Vinblastine, e.g., "VELSAR** by Quad 

Medroxyprogesterone (e.g., "DEPO-PROVERA** by Fharmaocuticals, Inc., Indianapolis, Ind. 46268): a cytotoxic 

Upjohn Co., Kalamazoo, Mich. 49001): a hormone com- vlnca alkaloid from the periwinkle plant commonly used for 

monly used to control abnocmal uterine bleeding due to treating breast carcinoma; testicular carcinoma; Hodgkin's 

hotmional imbalance, and in adjunctive therapy and pallia- lyii^oma; non-Hodgkin's lymj^ma; mycosis fimgoides; 

tive treatment of inoperable, recurrent, and metasiatic 40 and trophoblastic tumors, 

endometrial OT renal carcinoma. VCR (Vincristine, e.g., "VINCASAR" by Quad 

Megestrol Acetate (progestogen, eg., "MEGACE* by Phannaocuticals,lna, Indianapolis, Ind, 46268): a cytotoxic 

Bristol-Myers Oncology, a Bristol-Myers company, vinca alkaloid related to vinblastine and vindesine 

Evansville, Ind. 47721): a honnpne commonly used to treat (desac^lMnbkstine amide). Conunonly used for treating 

metasiatic breast canoei: 45 Ewing*s sarcoma; acute lym^ocytic leukemia; Hodgkin's 

Me^dialan (e.g., "ALKEE^AK* by Burroughs WeUcome, lynqihoma; non-Hodgkin*s lymi^oma; neuroblastoma; soft 

Research Itiangle Park, N.C. 27709): a derivative of tissue cardnamas; . and ^^hn's timior. . . 

mechlarethamine hydrochloride^ melpbalan is an alkylating Flow Cytometen In CQmn[K)n flow cytometers, a cell 

agent commonly used for treating the palliative treatment of suspension is hydrodynamically forced into a stream 

multiple mydoma and non-resectable eintfaelial carcinoma 50 wherein ceils pass by a focal point one by one. A laser is 

of the ovary. focused vpon this focal point, and as a cell passes in front of 

Mcsna (e.g., **MESNEX" by Bristol-Myers Oncology^ a the laser, the laser lig^ht is scattered in a varie^ of directions. 

Bristol-Myers oonqmy^ Evansville, Ind. 47721): commonly The scattered light is collected and an^dified by collection 

used as a proph^actic agent in rodndng the inctdenoe of optLCs/detBCtars and converted into electrical impulses. The 

ifbs£Eunid&4nduccd hcmoohagic cystitis. 55 electrical inqwlscs can then be decoded by compaUx and 

Mito-C (Mrtomydn-C, eg., "MUTAMYON" by Bristol- analyzed to convey infonnation about the cells. Tbc flow 

Myers Oncology, a Bristol-Myers coanpany, Evansville, Ind cytometer can count the cells in the suspension and collect 

47721): an antitumor antibiotic di&t functions as a cytotoxic infcmnation on dificrent cbaractetistics of the cells within 

all^lating agent, mito-C is commonly used for treating the suspension by detecting dyes and other markers with 

gastric cardnoma and pancreatic carcinoma. 60 which the ceils have been treated. Fch- example, cdl sub- 

Octreotide acetate (an octapepddc analog of somatostatin, populations may be exduded from certain flow cytometric 

eg., "SANDOST^rZN" by Sandoz Hiazmaceuticals, Ea^ analyses by maridng the sobpopnlations and having the flow 

Hanover, N J, 07936): a faiolpgical response modifier com- cytometer gate (subtracQ tbem&om the analysis. Despite tibe 

monly used in metasiatic carcinoid tmncrs, vasoactive intes- fcHegoing descd^on of the construction ami operation of a 

tinal peptide tumocrs, and as a reducing growth hormone. 65 flow cytameter, it is understood that the invention may use 

ParsQ>latin (e.g., XARBOFLAIIN*' by Biistol-Myers any type of cytomeler that duplicates the essaitial functions 

Oncology, a Bristol-Myers conipany, Evansville, Ind of the flow cytometer described. The flow cytometer utilized 
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in the invention is the FACSCAN Immunocytonietry Sys- 
tems flow cytomctcr (Becton Dickinson, Mountain View, 
Calif., U.S.A.) running Consort 30 flow cytometry software 
(also by Becton Dickmson). Recenfly, the Becton Dickiiison 
CELLQUEST software run on a MACINTOSH QUADRA 5 
650 has been used as the preferred flow cytometry analysis 
software for the invention. Otho* suitable flow odometers 
are the Coulter XL (Coulter Electronics, Hialeah, Fla., 
U.S.A.) or the Ortho Cytron (Qrtho Diagnostic Systems. 
Raritan, NJ., U.S.A.). lo 

Ttaior: Throughout this specification, the term *turaor" is 
understood to meun cancer cells or a collection of cancer 
cells, whether in solid or liquid form. Examples of the 
tumors which have been treated cff tested by use of the 
invention are: bladder cancer, breast cancer; colon carci- 15 
noma; non-small cdl lung cancer; pancreatic cancer; liver 
cancer (metastases); prostatic carcinoma; acute myeloid 
leukemia; chronic myelogenous leukemia; chronic lyn^ho- 
cytic leukemia; hepatocellular carcinonia; g^oblastoma; 
non-Hodgkin*s lymphoma; mdanoma; osteogenic sarcoma; ^ 
ovarian carcinoma; pleomorphic adenocarcinoma; and 
Waldenstrom's macroglobulinemia. AH have responded to 
treatnkent with the procedure. It is expected that other tumocrs 
will be treated with the procedure as they are encountered 



PHARMACOSENSnTVTTY ASSAY 



The pharmacosensitivity assay provides an accurate in 
vitro indication of in vivo tumor response within 48-96 
hours from the time a solid or liquid tumor speciinen is 
obtained from the patient. To sunmiarize the assay 
procedure, a cell suspension is prepared from a patient's 
tumor specimen. The viable cell count of tiie suspension is 
calculated and standardized to a desired leveL Mult^le 
sample tubes are prepared, each containing ceE suspension 
and a drug against which the pharmacosensitivity of the 
tumor is to be tested. Negative control tubes containing cell 3^ 
suspension and positive control tubes containing cell sus- 
pension and a cytotoxic agent are also prepared. The sample 
and control tubes are then incubated. After incubation, dyes 
such as propidum iodide are added to the sample and control 
tubes and all tnbes are run through a flow cytomctcr. If 40 
desired, the flow cytometca* can be coittpensated beforehand 
to factor out the presence of white cdls in the cell suspen- 
sion by staining the cleukouspension with laikocyte-binding 
substances such as fluorescein-labeled monoclonal 
antibodies, analyzing the stained cell suspension in the flow 
cytometor, and using the results to gate the white cells from 
furthex analyses. The flow cytomcta may count the apop- 
totic cells (or alternative^, flie non-i^ptodc cells if the 
appropriate dye is used) and thereby obtain a measure of the 
cell kili, Le., the phannacoseiLsitivi^ of the tumor cells. 
(1) MATERIALS 

The following materials are recommended for the perfor- 
mance of the pharmacosensitivity assay of tfie treatment 
method: 

I,aminar flow hood 

RPMI medium (IX) 

Patient culture medium 

Tissue culture transpoit medium 

Sdect-a-Pcrle pq>etter 

Sdect-a-P^ tips ^ 

^jpendoif Combit9)s (25 ml, 5.0 ml, 12J ml) 
Falcon 2072 plastic test tubes (with caps for FAGS 

analysis) ^ 
15 ml c^pFped tubes 
100x15 nun stsdlt petri dishes 



50 ml capped conical tubes 

Homogenizer 

TVypan blue stain (0.4%) 

Hemocytometer with cover slips 

Microscopes (with ligjit) 

Hand tally counter 

Histopaquc 1077 

Pipet suction aid 

Refrigerated centrifuge 

CO2 incubator 

Drugs (lists provided elsewhere in specification) 
Vortex mixer 
Refrigerator (2^-10'* C.) 
Scalpel 

Sharps container 

Propidium iodide (Sigma P4170) (Sigma, St. Louis, Mo.. 
U.S.A.) 

Phosphate buffered saline, ph 7.2 (PBS) 

Flow cytometer (FACScan) (Becton IMckinson^ Mountain 

View» Calif., U.Sj\.) 
Clay-Adams Scro-fuge H (Qay-Adams, Parsippany, N J., 

U.S.A.) 
CD45-F1TC labeled MAb 
Anti-cytokeratin-FITC labeled MAb 
FACSlyse (diluted 1 in 10 in deionized water) (Becton 

Dickinson, Mountain View, Calif., U.Sj\.) 
All equipment is sterilized where appropriate. 
(2) REAGENT PREPARAHON 

The procedure utilizes several reagents, the preparation of 
which is described below. 

Prq>aration of 0.05 mg/ml I^opidium Iodide Reagent 
(components available from Gibco, Crrand Island, N.Y., 
U.S.A.) 

2.5 milligrams (mg) propidium iodide is added to 50 
milliliters (ml) phosphate buffered saline (PBS), pH 7^, in 
a 50 ml tube. The tube is gently mixed by inverting the tube 
several times. The tube is labeled with the date of prepara- 
tion and the expiration date and stored at 4^ C. Since 
IHTCpidium iodide is lig^t sensitive, the tut>e should be 
wr^xpcd in frnl before storage. The propidium iodide 
reagent is stable for ^^proximately one month, 
preparation of Patient Culture Medum (IMDM/RPMI 1640 
(Ix), 10% FBS) (components available from Sigma, St 
Louis, Mo., U.SA.) 



50 AMOUNT COMPONENT 



25 



SOaOcnJ 
5DaOin! 



loaomi 
laomi 
laOml 



lOml 
5.0 ml 
5.0 ml 



lO^MtMedhim 1640 (IX), l^iad with L^ntuDbe . 

Isoove*8 Modified Dnlbeoco's Medium (IMDM) (IXX 

Ikpwl with Lr-GS u t anuD P 

with 25 mM HEiES bnffcr 

wiQi 3^024 n^g/L nodhini bmrboxtzte 

wifliout a^lu-4luo^t]Foefol 

wilboat bctarnnciptoediaaol 

Fetal BovioB Seium (FBS) 

hrOtasan^bxt - 200 mM (lOOK), Uqmd 

FeoidUiQ-StijqttaaiyGiivliqidcl 

IG^OOO nniticfrni PcoiciQfll 

ICVOOO itgteil StRptcooTcin 
NEAA Bfisttoe lOObt 
MEM V^tamm Sofmioa lOQx 



250.0 ml Of RFMI (Ix) and 250.0 ml of IMDM in staUt 
graduated cytinders are added under a sterile laminar flow 
hood to a 500.0 ml steaHe filter system with a 0.22 mm 
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cellulose acetate meinbraiie with a 60 Jtun prefilter. FBS is clunks of tissue to settle out. The supexoatant is pipetted into 

added with sterile disposable pipettes. All other iogredients a sterile tube, diluted with patient culture and centrifuged at 

listed are to be added immediately prior to use. Phenol red 1600 RPM for 5 minutes. The supernatant is removed and 

is used to perform a visual check of mediiun color for the cells are resuspended in RPMI 1640 (Ix) mediuuL 

appropriate pH. The prepared medium is stable fcr 3 months 5 For liquid tumor, such as ascites, bone roairow, etc.. 

when refrigerated at 2**-8** C. nK)nocyte separation may be peiforraed by density gradient 

IVq>aration of RPMI 1640 Medium (Ix) (10% RPMI 1640 centrifugation on FicoU-Hypaque medium (Pharmacia, 

(Ix) G,G fortified) (components available from Sigma, St. Dublin, Ohio, U.S.A.). 20-25 ml of Histopaquc 1077 is 

Louis, Mo., U.S.A.) placed in the appropriate numbea: of capped sterile 50 ml 

10 conical cubes by use of a sterile pipet. Ustug anottier sterile 
pipct, the liquid tumor is gently layered at a 45 degree angle 

AMOUNT COMPONENT onto the histopaquc using a 1:1 ratio of histopaquc to 

500.0 ml RPMI Medium 1640 (IX), liquid with specimen. The histopaque is then centrifnged at 1600 RPM 

L-Glutaminc for 20 minutcs in a refrigerated centrifuge at 4-° C. (bralce on 

50.0 ml Fetal Bovine Scrum 15 2). The supcmatant is then removed and discarded, and the 

5.0 ml PeaidrnQ^trcpto^ ceU interface is removed and placed in RPMI 1640 (Ix) 

10,000 uQits/mlPenicilhn . , t_ i ^ t_ rni_ „ t »j u j-i * j 

laooo HgAnl Streptomycin medium in a pre-labcled tube. The ceUs should be diluted 

5.0 ml L-Ghitamine - 200 mL (iQQjt). liquid with the RPMI 1640 (Ix) medium quickly because the 

5.0 ml Insnilin-TVaosfcmn-Sodium Selcnite Media Supplement histOpaque is tOXic tO the Cells if left on them fof extended 

— ^— 20 periods of time. The ceUs are then washed twice witli RPMI 
AU components are combined and thoroughly mixed under (^^^ medium and centrifuged at 1600 REM for 5 

a sterile laminar flow hood. Phenol red is used to perfom a niinutes (brake on 2). The supernatant is removed and 
visual check of medium color for q>propriate pH. The discarded, and the cell pdlct is resuspended m 5.0 ml of 
prepared medium is stable for 3 months when reftigerated at ( nicdlum- 

2°-i° C. ^ ^^^^ trnnors are sometimes very hard and difficult to 

Preparation of Tissue Culture Transport Medium (RPMI homogenize. If that is the case, it has been found that the 
1640 (Ix) 15% FBS) (components available from Sigma, St procedure set oat above for liquid tumors can be used to 
Louis, Mo., U.S.A.) recover more viable cells and to rid the culture of debris 

and/or red blood cells. 
30 (4) ANALYSIS OF VIABLE CELL CONCENTRAnON 
In this step of the procedure, the percentage of viable 
tumor cells is measured using viability tests known to the 
art, sud) as the Trypan Blue test or the MTT test In the 
prefecccd method, 0.1 ml of well-mixed cell suspension, 0.2 
35 ml of 0.4% Trypan Blue stain, and 0.7 ml of patient culture 
medium are combined in a 12x75 ml glass tube to obtain a 
1:10 dilution of the cell suspension. The cell suspension is 
mixed well and cfaaiged into one chamber of a hemocytom- 
All components are combined and thoroughly mixed under eteL A light microscope is used to count the both the viable 
a sterile laminar flow hood. Phenol red is used to pedorm a 40 tumor cells (those which have not absorbed the IVypanBlue) 
visual check mediimoi color for q>propriate pR The and the total numb^ of tumor cells (stained and unstained) 
medium is aliquotted into 50 ml conical tubes in 20.0 ml in the four comer 1 mm^ squares, 
amounts. The prepared medium is stable for 3 monflis when The vlabte oeU count is ttien determined using the fol- 
refirigeraled at 2°~Z^ C. lowing equation: 

(3) FREPARAnON OF THE CELL SUSPENSION 45 

The pharmacosensitivity assay may use tumor san9)les viaWe cctt ooum = [Avetage # oi viabk cdis per square] x 
from any type of tumor, indiiding soUd tumors obtained 
during surgay or biopsy, bone marrow aspirates and 
trephines, ascitic flaid, plraral fluid, and otiier types of [hwnnpjftrmw.fw mniriprgatKwi tomj 

tumor sanqdes. After the tumor is obtained and placed in 50 

tissue culture transport medium, the tumor sample is con- The total oeU count can be similaity calculated, and used in 

vetted to a cell suspensicmiqKni which the steps of the assay conjunction with the viable cell coimt to calculate tfie 

are pcafoxmedTtie sample is iscfci^lylaigcemough that it percent viability of the ceU suspaision according to the 

can yidd an optimum of 15 ml of 1x10* viable tumcr cells f oflowing formula: 

per ml of cell suspension, the prqwration of which is 55 « v^aKK^viaKk ccn comitftc-^ 

described below. 

For a solid tomor, the following steps are takm to prepare As noted above, o&er viabiltty tests such as the MTT test 
the cell suspeosion. The tomor specimen is cut into pea-size may be used in place of Ihe 'Drypan Blue exdoslon test 
portions in a stedle petri dish using a stcrfle sca^ and (5) ADJUSTMENT OF VIABLE CELL CX^OBNIRA- 
forceps. The odginal tissue culture transport medinm is 60 TtON 

retained for later use. The tumor p<nliQns are placed in a A viable cell concentration of 1x10^ viable tomor cells 
glass conical tube that has a matched loose-fitting homog- per ml of cell suspension is prcfcxied for tiie use in the assay 
eoizcr. 5.0 ml of tissue culture transport medium is added. becai^ the drug aliquots used in the procedure are piedi- 
The tumor portions are then gently hoanogenized and trans- cated on a base viable tumor oeU ooncentratk>n of 1x10^ 
fexredtoasterileSOmlconicaltube. Whoiallof tfaetmnor 65 viable tumcET cells per mi of cell snspension. Where a 
portions have been hcmogenized, Ihe mixture is stirred well concentratian of greater than IxlQ^ viable tumor ceOs per ml 
and allowed to settle undisturbed for one nunute to allow is present, the cell suspension is diluted with patient culture 



AMOUNT 


COMPONENT 


SOOJO ml 


RFMI Medxum 1640 (IX), liqak) 


75i)inl 


Fetal Bovine Seznm 


SSimX 


PezuciOm-Stieptamyciii, liquid 




10,000 umts/ml Pbmcillm 




10,000 Streptomycin 


5.0 ml 


L-Ghitaminc - 200 mM (IOQjl), liquid 



[(£h^ factor (boe. 10)] x 
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medium to yield this concentration. The dilution is per- 
formed according to the following formula: 

Final cell suspension volume = [starting cell suspeitsjon volume] x 

[starting cell coDccntratJon] -t- ^ 
[desired concentration (here 1 X 10*)] 

Patient medium is added to reach the calculated final cell 
suspension volume. Altemativelyj if the viable ceil concen- 
tration is below 1x10*^ viable tumor cells per ml of cell 
suspension, the drug aliquots are diluted accordingly as 
described below at step (7). This drug aliquot dilution step 
may be performed at this stage instead, if desired. 

(6) PREPARAnON OF CONTROL SAMPLES 

0.8 ml of patient culture medium is added to each of three 
sterile 75x12 mm Falcon 2072 plastic tubes (each having a 
cap for flow cytometric analysis). 0.2 ml of cell suspension 
is added to each of these tubes, which are to be used as 
negative control samples. 

A positive control sanqile is also prepared. The prepara- 
tion of this positive control sanople will be outlined below. 

(7) PREPARATION OF DRUG SAMPLES 

One sterile 75x12 mm Falcon 2072 plastic tube (having a 
cap for flow cytometric analysis) is labeled for eadi drug to ^ 
be used in the test An additional tube is labdcd as a positive 
control tube. The tubes are preset by adjding 0.1 ml of the 
appropriate drug solution (at the aliquot amount set out 
below) and 0.7 ml of patient medium. These preset tubes 
may be stored at 4° C. for 7 days if capped with sterile caps. ^ 

(a) Drug Solution Aliquots for Use in the Drug Sanoples: 
following is a list of exemplary drugs used in the procedure 
and the preleired aliquot amount for their use. 
Abrin (used in positive control sample): Hie Referred 
cytotoxic agent for use in the positive control is abrin 
(toxalbumin). Abrin solution is prepared by diluting 
abrin with RFMI 1640 (Ix) medium to a working 
concentration cf 0.5 mg/ml. As noted above, 0.1 ml of 
this abrin solution is added to the positive control tube. 
Amethopterin: is generally supplied as a st^e lyo- 
philized powder. The powder is reconstituted with 
sterile distilled water to obtain a 25.0 mg/ml 
concentratioii, and then dissolved in RFMI 1640 (Ix) 
medium to yield a final worldng concentration of 0.25 
m^.O mL If pre-prepared, the amethopterin solution 45 
may be stored at room temperature. As noted above, the 
amethopterin drug sample tube is prepared by adding 
0.1 ml of amethopterin solution to a drug tube. 
Ara-C: is generally sti^lied as a sterile iyophilized pow- 
dec The powder is reconstitated with sterile distilled 50 
water to obtain a 20.0 mgAnl concentration, and then 
dissolved in RPMI 1640 (Ix) to obtain a final woddng 
concentxation of 0.60 mg/hxL pie-prepared, the Ara-C 
solution may be stored at room tenq^cxatore. As noted 
above, the Ara-C drug sample tube is pr^iared by 55 
adding OlI mi of Ara-C sohitioo to a drug tube. 
BCNU: is generalfy saj^Med as a sterile lyofriiiiized 
powder. The powder is reoonstitiited with sterile dis- 
tilled water to obtain a 33 mgtail conoentralion, and 
then dissolved in RPMI 1640 (Ix) mediam to yield a 60 
final woridng ooncentraticHi of 0.003 mgO.O mL 
pre-prcpared, the BCNU solution may be stared in the 
refijgeratcr. As noted above, the BQ<^ drug sanq^lc 
tubeispreparedbyaddingO.ImlofBCNUsoluti nto 
a drug tabe. 65 
Bleomycin: is generally supplied as a sterile lyc^iliilized 
powder. Hie powder is reconstitated with sterile dis- 



tilled water to obtain a 5.0 u/ml coocentration , and then 
dissolved in RPMI 1640 (Ix) medium to yield a final 
working concentration of 0.05 u/ml. If pre-prcparcd, 
the bleomycin solution may be stored in the refrigera- 
tor. As noted above, the bleomycin drug san^le tube is 
prepared by adding 0.1 ml of bleomycin solution to a 
drug tube. 

Cis-platin: is generally supplied as a sterile lyc^hilized 
powder. The powder is reconstituted with sterile dis- 
tilled water to obtain a 1.0 mg/ml concentration, and 
then dissolved in RPMI 1640 (Ix) medium to yield a 
final worldng concentration of 0.03 mg/3.0 ml If 
pre-prepared. the cis-platb solution may be stored at 
room temperature. As noted above, the cis-platin drug 
sample tube is prepared by adding 0.1 ml of cis-platin 
solution to a drug tube. 

Cladribinc: is generally supplied in 1.0 mg/ml vials; The 
cladribine is dissolved in RPMI 1640 (Ix) medium to 
yield a final working concentration of 0.01 mg/ml. If 
prc-prcparcd, the cladribine solution may be stored in 
the reftigeraiOT. As noted above, the cladribine drug 
sample tube is prepared by adding 0.1 ml of cladribine 
solution to a drug tube. 

Cyclophosphamide: is generally supplied as a sterile 
lyophiUzed powder. The powder is reconstituted with 
sterile distilled water to obtain a 20.0 mg/ml 
concentration, and then dissolved in RPMI 1640 (Ix) 
medium to yield a final working concentration of 0.020 
m^3.0 mL If prc-preparcd, the cyclophosphamide 
solution may be stored in the refrigerator. As noted 
above, the cyclophosphamide drug sample tube is 
prepared by adding 0.1 ml of cyclophosphamide solu- 
tion to a drug tube. 

Dactinomycin: is generally supplied as a stexile Iyo- 
philized powder. Ihe powder is roconstimtcd with 
sterOe distilled water to obtain a 0-5 mg/ml 
concentration, and ihm solved in RPMI 1640 (Ix) 
mediimi to yield a final wcridng conc^tration of 0.015 
mg/mL If pre-prepared, the dactinomycin solution may 
be stored at room temperature. As noted above, flie 
dactinomycin drug sample tube is prepared by adding 
0.1 ml of dactinomycin solution to a drag tube. 

Doxorubicin: is generally supplied as a sterile Iyophilized 
powdet Tlie powder is reconstituted with sterile dis- 
tiUed water to obtain a 2.0 mg/ml concentcaticH), and 
then dissolved in RPMI 1640 (Ix) to yield a final 
working concentration of 0.02 mg/3.0 mL If pre- 
pr^)ared, ttie doxcMnbidn solution should be stored in 
the tefrigeratoL As noted above, the doxorubicin dmg 
sample tube is prepared by adding 0.1 ml of doxom- 
bidn solution to a drug tube. 

DUC: is generally supplied as a sterile Iyophilized pow- 
der The powder is reconstituted with sterile distilled 
water to obtain a 10.0 mg/ml concentration, and then 
dissolved in RFMI 1640 (Ix) medium to yield a final 
working concentration of 0.1 mg/3.0mL If pre- 
prepared, the DnC solution may be stored at ro<na 
ten9>ecatuie. As noted above, the DTIC drag sample 
robe is prepared by adding 0.1 ml of DOC solution to 
a drug tube. 

Etpposide: is generally siqiplied in either Hqtud or capsule 
fonn. The etoposide is dissolved in RFMI 1640 (Ix) 
medium to yidd a final working omcentration of 0.20 
mg/3.0 mL pre-prepared, the etoposide solution may 
be stared at room teiiq)eratnre. As noted above, the 
etoposide drag san^ile tube is prepared by adding 0.1 
ml of etoposide solution to a drug tube. 
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Fludarabine phosphate: is generally supplied as a sterile 
lyophilized powdex The powder is reconstituted with 
sterile distilled water to obtain a 25.0 mg/ml 
concentration, and then dissolved in RPMl 1640 (Ix) 
medium to yield a final working concentration of 0.25 s 
mg/3.0 ml. If pre-prcpared, the fludarabine phosphate 
solution may be stored in the refrigerator. As noted 
above, the fludarabine phosphate drug sample tube is 
prepared by adding 0.1 ml of fludarabine phosphate 
solution to a drug tube. 

5rFU: is geno-ally supplied as an injectable solution witli 
a concentration of 50.0 mg/ml. RPMI 1640 (Ix) 
medium is added to obtain a working concentration of 
0.50 mg^.O ml. If prc-prq[)ared, the 5-FU solution may 
be stored at room temperature. As noted above, the 
5-FU drug sample tube is prepared by adding 0. 1 ml of 
5-FU solution to a drug tube. 

Floxuridine: is generally supplied as a powder. The pow^ 
der is reconstituted with sterile distilled water to obtain 
a 100.0 mg/ml concentration, and then dissolved in ^ 
RPMI 1640 (Ix) medium to yield a final working 
concentration of 0.2 mg/3.0 ml. If pre-prcpared, the 
fioKuridine solution may be stored in the refrigerator. 
As noted above, the fioxuridine drug sample tube is 
prq>arcd by adding 0. 1 ml of fioxuridine solution to a ^ 
drug tube. 

G-CSF: If suppKed in lyophilized form, the G-CSF should 
be reconstituted following the manufacturer's instruc- 
tions. Stock solution concentration may be variaide. 
The G-CSF should be diluted with RPMI (Ix) medium 3^ 
to obtain a woddng concentration of 200.0 u/mL Ste- 
rility should be maintained throughout the preparation 
process. Working scdutions may be frozen in 1.5 ml 
aliquots in sterile nalgcoc cryovials. Frozen diluticms 
are stable up to five years at -20° C. Subsequent 35 
dilutions of frozen stock dilutions cannot exceed the. 
e^qnration date of the frozen stock solution. Thawed 
aliquots are stable for three montos at 2°-8'* C. 

GM-CSF: If suppUed in lyophilized form, tfie GM-CSF 
should be reconstituted following the manufacturer's 40 
instnictions. Stock solution concentration may be vari- 
able. The GM-CSF ^ould be diluted with RPMI (Ix) 
medium to obtain a working concentration of 62.5 
u/mL Sterility should be maintained throughout flie 
prq>azation process. Woddng solutions may be frozen 45 
in 1.5 ml aliquots in sterile nalgene cryovials. Brozcn 
dilutions are stable up to five years at -~2Xf C. Subse- 
quent dilutions of frozen stock dilutions cannot exceed 
the expiration date of the frozen stock sdution. Thawed 
aliquots are stable foa: three months at 2°-^"* C. so 

Hydrea: is generaUy supplied as 500 mg c^sules. The 
c^Mules are reconstituted with sterile distilled water to 
obtain a 50 m^ml concentration, and then dissolved in 
RPMI 1640 (ix) medhnn to yield a final woiking 
coDccntiadon of 0.50 mg/mL If pre-prcparcd, the 55 
hydiea solution may be stored at room tenqseratnre. As 
noted above, the hydrea drug sample tube is prepared 
by adding 0.1 ml of hydrea solution to a drag tube. 

Idainycin: is geneially supplied as a sterile lyophilized 
powder. The powder is reconstituted with sterile (fis- 60 
tilled water to obtain a LO mgM concentrationr and 
then dissolved in RFMI 1640 (Ix) medium to yidd a 
final woddng ctmcentration of 0X)01 mg/3.0 ml 
pTO-prepaied, fiie idanydn solution may be stared at 
room tenqwrature. As noted above, the idamycin drug 63 
san^e tube is prepared by adding 0.1 ml of idamycin 
solution to a drug tube. 
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Ifosfamide: is generaUy supplied as a sterile lyophilized 
powder. The powder is reconstituted with sterile dis- 
tilled water to obtain a 50.0 mg/ml conoentratiou, and 
then dissolved in RPMI 1640 (Ix) medium to yield a 
final working concentration of 1.5 mg/ral. If pre- 
prepared, the ifosfamide solution may be stored in the 
refrigerator. As noted above, the ifosfamide drug 
sample tube is prepared by adding 0.1 ml of ifosfamide 
solution to a drug tube. 

Levamisole: is generally supplied in 10.0 mg tablets. The 
tablets are reconstituted with sterile distilled water to 
obtain a 5.0 mg/ml concentration, and then dissolved in 
RPMI 1640 (Ix) medium to yield a final worfciiig 
concentration of 0.05 mg/3.0 ml. If pre-prcpared, the 
levamisole solution may be stored at room temperature. 
As noted above, the levamisole drug sample tube is 
prepared by adding 0.1 ml of levamisole solution to a 
drug tube. 

Mechlorethamine hydrochlwide: is generally supplied as 
a sterile lyophilized powder. The powder is reconsti- 
tuted with sterile distilled watCT to obtain a 1.0 mg/ml 
concentration, and then dissolved in RPMI 1640 (Ix) 
medium to yield a final working concentration of 0.01 
mg/3.0 ml. If pre-prepared, the mechlorethamine solu- 
tion may be stored at room teni^ature. As noted 
above, the mediloretharaine drug sample tube is pre- 
pared by adding 0.1 ml of mechlorethamine solution to 
a drug tube. 

Medroxyprogesterone: is generally supplied as a sterile 
lyophilized powder. The powder is reconstituted widi sterile 
disdlied water to obtain a 150.0 mg/ml concentration, and 
then dissolved in RPMI 1640 (Ix) medium to yield a final 
working concentration of 150 rag/3.0 mL If pre-prepared, 
the medroxyprogesterone solution may be stored at room 
temperature. As noted above, the medroxyp-ogcstoone drug 
saiD|de tube is prepared by adding 0. 1 ml of medroxyproges- 
terone solution to a drug tube. 
Meg^stFol acetate: is generally supplied in tablet form. 
The tablets are reconstituted with sterile distilled water 
to obtain a 4.0 mg/ml concentration, and then dissolved 
in RPMI 1640 (Ix) medium to yield a final working 
concentratiOT of 0.008 mg/3.0 ml ff pre-pn^ed, the 
megestrol acetate solution may be stored at room 
ten4>e3ratnre. As noted above, the megestrol acetate 
drag saiiq)le tube is prqxared fay adding 0.1 ml of 
mtgpstnA acetate solution to a drug tube. 
Melphalan: is ge&eraUy supplied in 2.0 mg tablets. The 
tablets are reconstituted with sterile distffled water to 
obtain a 0.2 mg/inl concentratioo, and thca dissolved in 
RFMI 1640 (Ix) medium to yield a feial wcHking 
concentraticm of 0.0002 mg/3.0 nil If propropored, die 
melphalan solution may be stored in the icfidgcfator. As 
noted above, 0ie melphalan drug sanqrie tnbe is pre- 
pared by adding 0.1 ml of mrfphfllan solottosi to a dmg 
tube. 

Mesna: is ^nerally siqsplied in prq>ared vials. Hie mesna 
is dissolved in RFMI 1640 (Ix) medium to yield a final 
working concentration of 3.0 Tagf3S} mL pre- 
prepared, the mesoa solution may be tfored in fiie 
refrigerator. As noted atxTve, the mesna drug sanq>le 
tube is prepared by adding 0.1 ml of messa sdution to 
a drag tube. 

Mito-C: is generally supplied in 0.5 mgftnl vials. Hie 
mito-C is dissolved in RFMI 1640 (1>4 medium to 
yield a final woiking concentration of OjOQS mg^mL If 
pre-prepared, the imto-C solution may be stared at 
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room temperature. As noted above, the mito-C drug 
sainplc robe is prepared by adding 0.1 ml of mito-C 
solution to a drug tube. 

nHuIFNa: If supplied in lyophiiized form, the nHuIFNa 
should be reconstituted following the manufacturer's 5 
instructions. Stock solution concentration may be vari- 
able. The nHuIENa should be diluted with RPMI (Ix) 
medium to obtaio a working concentration of 1.0x10^ 
u/mL Sterility should be maintained throughout the 
preparation process. Working solutions may be frozen 10 
in 1.5 ml aliquots in sterile nalgcne cryovials. Frozen 
dilutions are stable up to five years at -20"* C. Subse- 
quent dihitions of frozen stock dilutions cannot exceed 
the expiration date of the frozen stock solution. Thawed 
aliquots are stable for three months at Z^^-S"* C. 

nHuIFNp: If supplied in lyophilized form, the nHuIFNp 
should be reconstituted following the raanufactureac's 
instructions. Stock solution concentration may be vari- 
able. The nHuIFNfp should be diluted witti RPMI (Ix) 
medium to obtain a working concentration of 1.0x10^ ^ 
u/mL Sterility should be maintained throughout the 
preparation process. Woridng solutions may be frozen 
in 1.5 ml aliquots in sterile nalgene cryovials. Frozen 
dilutions are stable up to five years at -20"* C. Subse- 
quent dilutions of frozen slock dilutions cannot exceed 
the expiration date of the frozen stock solution. Thawed 
aliquots are stable for three months at 2°-8'' C. 

nHuIFNir. If supplied in lyojdiilized form, the nHuIFNjt 
should be reconstituted following the manufacturer's 
instructions. Stock solution conceutration may be vari- 
able. The nHuIFNic should be dDuted wiA RPMI (Ix) 
medium to obtain a woiking concentration of 5.0x10^ 
u/mL Sterility should be maintained throughout the 
preparation process. Working solutions may be frozen 
in 1.5 ml aliquots in sterile nalgene cryovials. Frozen 
dilutions are stable up to five years at -20° C. Subse- 
quent dilutions of frozen stock dilutions cannot exceed 
the expiration date of the frozen stock solution. Thawed 
aliquots are stable for three months at 2*'-8** C. ^ 

Octreotide acetate: is prepared sinodlariy to somatostatin, 
discussed bdow. 

Paraplatin: is generally supplied as a sterile lyofMized 
powder. Hie powder is reconstituted with sterile dis- 
tilled water to obtain a final conccDtiaticm of 5.0 mgAnl, 45 
and then dissolved in RPMI 1640 ( Ix) medium to yield 
a final workiog concentiatian of 0.05 mg/mL If pre- 
prepared, ^epaiqilatin solution may be stored at room 
tai^>erature. As noted above, the paraplatin drag 
sanqde tube is piepared by adding O.I ml of par^latin 
solution to a drug tid>c. 

Prednisone: is generally supplied in liquid fonn. The 
prednisone is dissolved in RPMI 1640 (1^) mediimi to 
yield a final woridng concentration of 0.6 mg^nL If 
pr&i)(rq;mred, the ptednisone solution may be stoted at 55 
room temperatme. As noted above, the prednisone drag 
sttcapic tube is prepared by adding 0. 1 ml of prednisone 
sotntion to a drug tube. 

Retinoic acid: is generally available in tablet focm. The 
tablets are dissolved in RPMI 1640 (Ix) medium to 60 
obtain a final working conoentrati nof 0.04ingO.0mL 
If pe-prq^ared, the retinoic acid sohitian m^ be stored 
at room temperature. As noted above^ the retinoic acid 
drag sample tube is pKpaxed by adding 0.1 ml of 
retinoic acid solution to a drag tube. 6S 

dFKa-2a: If su|^ilied in lyophilized fonn, tlic iIFNa-2ft 
shoold be reconstituted following the manufacturer's 
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instructions. Stock solution concentration may be vari- 
able. The rIFNa-2a should be diluted with RPMI (Ix) 
medium to obtain a working concentration of 30,000 
u/mL Sterility should be maintained throughout the 
preparation process. Working solutions may be pre- 
pared as needed in 17x100 sterile capped tubes. Rrozen 
dilutions are stable up to five years at -20** C. Subse- 
quent dilutions of frozen stock dilutions cannot exceed 
the expiration date of the frozen stock solution. Thawed 
aliquots are stable for three months at 2^-8° C. 

rIFNa-2b: If supplied in lyophilized form, the rIFNa-2b 
should be reconstituted following Qie manufacturer's 
instructions. Stock solution concentration may be vari- 
able. The rIFNa-2b should be diluted with RPMI (Ix) 
medium to obtain a working concentration of 1,000 
neutralizing units/ml. Sterility should be maintained 
throughout the preparation process. Working solutiims 
may be firozen in 3.5 ml aliquots in 12x75 sterile 
capped tubes. Frozen dilutions are stable up to five 
years at -20^ C. Subsequent dilutions of frozen stock 
dilutions cannot exceed the expiration dale of the 
frozen stock solution. Thawed aliquots are stable for 
three months at 2°-^** C. 

rDFN^lb: If si^jplied in lyophilized form, the rlFN^lb 
should be reconstituted following the manufacturer's 
instructions. Stock solution concentration may be vari- 
able. The rlFNp-lb should be diluted with RPMI (Ix) 
medium to obtain a working concentratioD of 1.0x10'^ 
u/ml. Sterility should be maintained througfiout &e 
preparation process. Working solutions may be fi-ozen 
in 13 ml aliquots in stmle nalgene cryovMs. Frozen 
dilutions are stable up to five years at -20^ C. Subse- 
quent dilutions of frozen stock dilutions cannot exceed 
the expiration date of the frozen stock solution. Ihawed 
aliquots are stable for three months at 2^-8° C 

rlFNr-lb: If supplied in lyophilized form, the dPNt-lb 
should be reconstituted following the manufacturer's 
instructions. Stock solution concentration may be vari- 
able. The rlFNt-lb should be diluted with RPMI (Ix) 
medium to obtain a working concentration of 0.01 
pg/ml. StcriUty should be maintained dironghout the 
preparation process. Woridng solutions may be frozen 
in IJS ml aliquots in sterile nalgene cryovials. Frozen 
dilutioas are stable to five years at -20^ C Subse- 
quent dilutions of frozen stock dilutions cannot exceed 
the expiration date of the frozen stock solution. Thawed 
aliquots are staUe for three months at 2^-8^ C 

iILr-2: If supplied in lyophilized form, the dL-2 should be 
reconstituted following tiie manufacturer's instruc- 
tions. Stock solution concentration may be variable. 
The iILr2 should be diluted with RPMI (Ix) noedium to 
obtain a woddng concentration of 10.0 u^il. Sterility 
should be maintained throughout the preparation pro- 
cess. Working solutions may be frozen in 10 ml aliquots 
in 17x100 sterile capptA tubes. Frozen dilutions are 
stable up to five years at -20° C. Subseqaent dflutions 
of frozen stock dilutions cannot exceed flie expiration 
date of ttie frozen stock solution. Thawed aliquots are 
stable for tiiree monttis at 2°^** C 

iTNF: If siq)pl]ed in lyopfaiMzed f dim, the ilNF should be 
reconsitnted following tiie mann&cturo's instractions. 
Stock solution conoentmtion may be variable. The 
xTNF should be diluted with RPMI (Ix) medium to 
obtain a wooing concentration d 12xl(f^ vJmL Ste- 
rility should be maintained throughout fiie psqparation 
process. Wcddng solutions may be frozen in 1.5 ml 
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aliquots in sterile nalgene cryoviak. Frozen dilutions VCR: is generally supplied in liquid fonn. The VCR is 

are stable up to five years at -20** C. Subsequent dissolved in RPMI 1640 (Ix) medium to yidd a final 

dilutions of frozen stock dilutions cannot exceed the working concentration of 0.01 mg/ml. If pre-prepared, 

expiration date of the frozen stO(± solution. Thawed the VCR solution may be stored in the refiigerator. As 

aliquots are stable for three months at 2**-8^ C 5 noted above, the VCR drug san^)le tube is prepared by 

Somatostatin: If supplied in lyophilized pofwder fonn, the adding 0.1 ml of VCR solution to a drug tube. 

Somatostatin should be reconstituted following the Additional information regarding standard aliquots and 

naanufacturer^s instructions. Stock solution concentra- dosages for any of the aforementioned drugs may found in 

tion may be variable. The somatostatin should be the most current edition of the Physician's Desk Reference, 

diluted wifli RPMI (Ix) medum to obtain a working it is expected that aliquots can be prepared for other che- 

concentraticn of 50.0/Mg/ml. Stenhty should be mam- niotherapeutic drugs as well, examples being advin, acla- 

tamed throughout the prepar^on proc^^^^^ cinomycin A, alanine mustard, altretamine. 

solutions may be frozen in 1.5 ml abquots m sterile • 1 . • ^ • • / *^-pax 

1 • t T7 ^-1 *- 2 ui * c aminoglutethumde, anunopterm. amsacnne (mAMSA), 

nalgene cryoviais. Frozen dilutions are stable up to five • i i - * j *u 11 • 

* ono i^ou various anabolic steroids, anlhrapyrazoles, L-asparaginase, 

years at -20^ C. Subsequent dilutions of frozen stock ^ - u n 1 - u - \1 

^. ^ J • . ^ ^ 15 5-axacytidine, bacillus calmettc-guerin, blsant^ene^ 

dilutions cannot exceed the expiration date of the , , . I , ^ < . , . V 1 1 i 

*ii*^rr-Ljf-* ^i^ir buserelin, busulfan, butyryl oxvelhylglyoxal 

frozen stock solution. Thawed aliquots are stable for . . * *u • * u 7 * 

, . 1 9o_a*> P ditioscmicarbazone, camptothccm, carbamate ester, 

three months at^-^ C. *a a- cr^ carzinophyllin, CCNIT, chlorambucil, chlorcthyl-methyl- • 

If supphed xn liquid form, somatostatin is provided m 50 cycloexyl-nitrosourea. chloretbvlcvclohexylnitrosourea. 

p^T^ n ^ A IS dissolved m eWoiordeoxyadenosine, chlorotfianisene, chlorozotodn: 

RPMI 1640 (Ix) medium to yield a final workmg concen- ^^^i^ „u^i^u»^^ mo l.w™™r^;« a 

tration of 5.0 ug^.O mL If ire-piepared, the somatostatin Phosphate P32, chronK)mycm-A cobalt proporphy- 

» I- 1. . J - . *^r^ " u^v^o**^ complex, corticotropin, cyproterone acetate, 

solution may be stored m the refriecrator. As noted above, . '^. j •'•• ji.j 

wxuuv^u Auojf Div/iiA* xii i^i5woiA/*.x^«v^A* awT , daunomycin. daunorubicin, dchydrocmitine, 

the somatostatm drug sample tube is prepared by adding 0.1 . , ^/ . 

, - . ^ ... ^ 4-demethoxydaunorubicin, demothydoxorubicm. 

ml of somatostatin solution to a drug tube. ^ . . t- * ^ *». j ^ j 1 •* i 

. . ,, 7* , , 25 deoxydoxorubictn, dexamethosone, dibromodulcitol. 

Strq)tozocm: is generaUy supplied as a stank lyophihre^ dichloromethotrexate, diethylstilbestrol, Dl^serine bis(2: 

powder. The powder is reconstituted with sterile dis- chloropropyl), doxifluridine, elUptinium acetate, 

tilled water to obtam a 100.0 m^ concentration mid 4'^idoxambicin, q)irubicin, epoetin alpha, erythropodtin. 

Oien dissolved m RPMI 1640 (Ix) me^imi to yield a esorubicin, estradiol, estradiol valerate, estramustine, 

finalwodcmgconcemrationof LOmg^-OmL Ifi^e- estrogens, estrone, ethynil estradiol, etidronate, 

pr^d, the strcptozocm solution may be stored m the fluoxymesterone, flutamide, folic acid, f otemustine, florafur, 

refrigerator. As noted above tiie sti-eptozocm drag galactitol, gallium nitiate, goserelin, hexameth- 

sample tiibe is prepared by adding 0.1 ml of strepto- yimdamine (HMM), hydrocortisone, 

rocin solution to a drug tiibc. 4-hydroperoxycyclophosphamide, hydroxyprogesterone. 

Tamoxifen: is generally supplied in 10.0 mg tablets. The 35 icRf 159^ immune ^obulin IGIV, I^asparaginase, leucov- 

tablets are reconstitiited with sterile distilled water to ^ calcium, leuprolide, levadopa, levothyroxine, lindane, 

obtain a 1.0 mg/mlconcentiation, and then dissolved in liothyronine, liottix, lomustine, masoprocol, maytansine, 

RPMI 1640 (Lx) medium to yidd a final working menogaril, 6-mercaptopurine, methosalen, methylesterone, 

concentiationof 0.003 mg/3.0mL If pre^prq>ared, the methyl-lomustine, mithradn, mithramydn, mitotane, 

tamoxifen solution may be stored at room tcEmpcrahirc. ^ mitoxantrone, 6 MP, nandrolone, navelbine. 

As noted above, the tamoxifen drag sample tube is neocarzinostatin, nitiofururazone, ondansetrone HQ, pom. 

prepared by adding 0.1 ml of tamoxifen solution to a idronatc disodium, pcntamcthylmcl amine (PMM), 

drag tube. pentostatin, pcptiochemio, plicamydn, prednimustine, 

Taxd: is generally supplied as a liquid The taxol is probroman, pcocaibazine, profiramydn, lazoxane, retinoids 

dissolved in RPMI 1640 (lx) medium to yidd a final 45 (itstinol and retinal analogs), rnbtdazonc, scmustine, sodum 

wOTking conccntraticm of 0.06 mg/3X> ml. If pre- iocfine 1-13 1, sodiom phosphate P32, SPG 827 (podophyllio 

prepared, the taxol solution may be stored in the derivative), spirogermanium, stieptonigrin, 6-thioguanine, 

refdgerator. As noted above, file taxol drug saisple tube tcnoposide, testolactone, testosterone, 3-TGDR, 

is prtpared by adding 0.1 ml of taxol solution to a drag thioguanine, tfayroglobulin, thyrotropin, tdlostane, uracil 

to be. 50 mustard^ vcr^amil, vindesine, vinzdidine, and zinostatin. 

Thio-TEPA: is generally supplied as a ^erile lyqphDized Again, standard aliquots and dosages may be prepared as 

powder. The powder is reconstituted with sterile dis- stated in the Physician's Desk Reference. Of coarse, other 

tilled water to obtain a 2.5 mg^nl oonoentratioD, and ciicnK>thenq[>rattc agents may be nsed as they become 

then dissohred in RIMI 1640 (lx) medium to yidd a available. 

final woddng concentration of 0.025 mg^mL If pre- 55 Safety precautions shtmld be followed at all times when 
prepared, the thio-TEPA solution may be stoicd in the handHng ^e drugs. Most cytotoxic drags are deemed to be 
refirigerator. As noted above, the thio-TEPA drug carcinogenic and are severe irritants- to exposed skin, 
samf^c tube is pr^mred by adding 0.1 ml of thio-TEPA Extreme care should be taken when handling Oiese sub- 
solution to a drug tube. stances and personal protective clothing should be worn at 
VBL: is generally supplied as a sterile lyophilized pow- 60 all times. S^>ecial care must be taken when handling ahrin, 
dec The powder is reconstitnted with sterile distilled and ail mat^al coming into contact wi^ abrin must be 
water to obtain a 1.0 mg^ml concentration, and then antodaved after each use. 
dissolved in RFNG 1640 (lx) medium to yield a final (b) Adjustment of Drag Concentration 
woridng concentration of 0*03 mg^mL If pre-prepared, the viable cell concentration of die cell suspension is 
the VBL soluti(Hi may be stored in tl^ ic J iigcra t oc As 65 less dian 1x10^ oells/ml, it is necessary to reduce the drag 
noted above^ the VBL drag san^le tube is prepared by concentration in each drug sample tube by the addition of 
adding 0.1 ml of VBL solution to a drug tube. more patient culture medium. Patient cuhnre medium is 
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added to each tube in a logarithmic relationship to the viable 
cell concentration, with 1.0 ml of patient culture medium 
being added to each tube for each order of magnitude less 
than 1x10* ceUs/ml. The following table illustrates this 
relation: 



Viable Cell ConcentratioQ 
(cellstaU) 


\bhmie of Patient Cidture Medium Added 
(ml) 


1.0 X IC^ 


0 


7.5 X 10* 


0.25 


5.0 X 10* 


0.5 


2.5 X 10? 


0.75 


1.0 X 10? 


1.0 



Acceptable results may be obtained if the viable cell 
concentration is rounded to the closest amount listed in the 
table and the corresponding volume of patient culture 
medium is added. However, ccU counts of less than 1x10^/ 
ml are not prefcixed. 

(c) Completion of the Orug Samples 

To complete the drug samples and the positive control 
sample, 0^ ml of ccU suspension is added to each tube. 

(8) INCUBAnON 

The drug samples and positive and negative control 
samples are then mixed and incubated. An optimimi incu- 
bation time and enviromnent has been found to be 72 hours 
at 37° C and 5% COj- Greater incubation times do not 
dppear to yield sigoificantly different results. 

(9) COMPENS AnON FOR WHTTE CELL CONTENT OF 
THE SAMPLES 

Because white cells present in the sauries can skew the 
results of the flow cytometry readings, it is recommended 
that the flow cytometer be coii9>ensated for the white cell 
content of the tumor san^Ae usdng the following steps. These 
steps need not be followed for bone manow specimens 
because in that case, the white cells are the target cells to be 
measured. 

0.2 ml of cell suspension is added to a 75x12 mm Falcon 
tube with 10 microliters of FITC (fluorescein 
isothiocyanate) labeled CD45 monoclonal antibody (MAb). 
The tube is incubated at room temperature for 15 minutes. 
2.0 ml of FACSlyse solution (Becton Dickinson^ Mountain 
View, Calif., U.S.A.), dihited 1:10 in ddonized water, is 
added to the tube. The tube is again inciibated at room 
ten9)erature for 10 minutes. The tube is then centrifuged at 
high speed and tiie supernatant is decanted. Tlie tube is 
washed once by adding 2.0 ml of PBS to the tube and 
rpTi trifaging at high speed. Hie siq)eniatant is decanted and 
0.5 ml FBS is added. 

A flow cytometer is then used to detect the FfTC-marlEed 
white cells. The tube is placed on the flow cytomieter and 
analyzed. A histogram of the FITC fluorescence versus the 
number of cells is created, whcrdn the CD45 n^ative 
population should be positioned on flie far left of the 
Mstpgram. The first marker is placed on the odgin, &e 
second martocr is placed immediately to die right of die 
pottioiL of the histogram showing the negative pcqpolation, 
and subtraction is performed to calcolate the number and 
percentage of non-white cells in the Epecimen. The follow- 
ing description ontUnes the above procedure wifli reference 
to the prefened flow cytometer and software, the FACScan 
running tiie Consort 30 program: 

a. Select Consoit 30 from main menu on FACScan. 

b. Calibrate FSC (forward scsita), SSC (side scatter), and 
FLl and FL2 (flourcsoence) settings. 

c. Acquire and stoce data (press 2). 
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d. Place mbe on cytometer. 

e. Acquire data into memory (press 5). 

f. Select "histogram" (press 1). 

g. Exit wlien collection is complete (press 0). 

^ NOTE: Since the data has not been saved, it is essential to 
continue with data analysis. Failure to do so will result in 
loss of data and the need to recollect data from the tube. 

h. Analyze data (press 4). 

i. Select single histogram (press 2). 

j. Change parameter to FL-1 (press <shif(>- 1). 
k. Set markers (press <shift>-3). 
1, Number markers (press 2). 
The CD45 negative population should be positioned on the 
15 far left of the histogram. Set marker 1 on the origin by 
pressing the <retum> key without moving the marker. Set 
marker 2 immediately to the ri^t of the negative histogram, 
m. Rress any key and then press <shift> 9 to print (he 
CD45 negative count, i.e., the number of non-white 
20 . cells in the specimen. 

The CD45 negative population does not necessarily rep- 
resent tumor cells. Normal epithelial cells, rather than tumor 
cells, may still be rq)resented within this population. 
It is understood that other methods known to the art for 
25 measuring the monocyte population may be used to com- 
pensate the flow cytometer, and that the method is not 
limited to the use of FTTC-labeled CD45 MAb. As an 
example, another preferred detection agent is anti- 
cytokeratin bound to FTTC ot to other fluorodiromcs known 
30 to the art. 

(10) STAINING 

The drug and control tubes are removed from the incu- 
bator and centrifuged at high speed (Sero-fuge II) for 3 
minutes. The supernatant is removed and the cell button is 

35 resuspended by gentle voitexing. 

If the percentage of CD45-negative cells, i.e., non-white 
cells, is less than 80%, steps must be taken to set die 
conopensation on the flow cytometer. 10.0 pi of FTTC- 
labeled CD45 MAb is added to one of the negative control 

40 sanqdes and the sample is incubated at room teir^ratore for 
15 minutes. The san^le is washed once by adding 2.0 ml of 
FBS to the tube, centrifuging at hi^ speed, and decanting 
the supernatant, and is then washed a second time by flie 
same procedure. 

45 0 J ml of 0.05 mg/ml fffopidium iodide reagrat is added 
to eadi drug san^le and non-FirC-CI>45 labeled control 
sample All samples are then allowed to stand for a mini- 
mum of 10 minotes at room temperature. Ihe samples 
should not be left for more tiian one hour after the addition 

50 of piopidium iodide reagent 

(11) DATA AOQUBiriDN 

The flow cytometer is Ihen used to analyze the drug and 
control samples. Following is an outline of the preferred 
mode of flow cytometric analysis. 

55 The FSC (forward scatter) and SSC (9(Wc^ or side 
scatter) settings are placed in linear mode. The FLrX and 
FLr2 (fluorescence scales) are placed in logarithmic mode. 
5000 acquisition samples are prefened. A negative control 
tube is placed on tiie cytometer, a dtit-plcft is generated, and 

60 ^e FSC and SSC controls are adjusted to position tiie major 
ceH population(s) in the center of flie plot The negative gate 
is set in the FL-2 histogram to exclude the negative control 
population, and this gate is stored for use in the analysis of 
the <kiig sanQ^Ics. 

65 ff double staining with propidinm iodide reagent and 
CI>45-Firc is used doe to a non-^v^ute cell cont^t of below 
80%, additional conq)»isation adjustments must also be 
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made. The CD45-FTrC labeled control sample is placed in 
the flow cytomcter and the steps noted above arc rqjcatcd to 
produce and store a second negative gate for the CD45 
positive subpopulation so that these white cells may later be 
excluded when analyzing the drug samples. 

The data editing function of the flow cytometer is then 
accessed and each drug sair^le is analyzed with the control 
populations excluded Data is stored for each control and 
drug sanq^le. 

When using the preferred flow cytometer and software, 
the FACScan running the Consort 30 program, the procedure 
listed above is perfooned as follows: 

(a) Select CONSORT 30 from the main menu using the 
mouse. 

(b) Insot the data storage disk into the disk drive. 

(c) Accept date and time if correct by pressing Y. Settings 
should be linear on FSC and SSC and logarithmic on 
Fl^l and FL-2. Adjust as necessary. 

(d) Select "acquire and store data" (press 2). The menu 
will appear. 

(e) Select "storage file name" (press 7). 

(f) Select "acquisition events" (press 2). Collect 5000 
events- 

(g) Select "acquire data into memory" (press 5). 

(b) Place the control tube on the cytometer, select dot-plot 
and use the FSC and SSC controls to position the majcH' 
cell population(s) in the center of the plot. Set FSC 
threshold as necessary. 
NOIB: If double staining with PI and CD45-FrrC is used, 
FL1-FL2 conq>ensation must also be performed by use of 
tfie CD45-FrrC negative control san^ile noted above at 
(10). 

(i) Change to FL-2 histogram and use the FL-2 detector 

control to set the negative gate, 
(j) Exit to menu (press 0). 
(k) Select "edit texf (press 4). 
Q) Enter control sample <x drug sanq)le name, patient 

name, etc. and other such data as desired, 
(m) Return to menu (press <cnttl>-0). 
(n) Select "acquire and save data" (press <shift>-5) to 

collect 5000 events, 
(o) Repeat steps QO-i^) until data for all tubes have been 

collected. 

(p) Select "quit program" (press 0) to return to main 

mp.nu 

(12) DATA ANALYSIS 

The flow cytometric analysis software is flien used to 
calrulatft the percent viatnHty of the positive control and 
drug samples and con^e the viatnHty results of fliese 
saiq>les into tabular fonn. The following steps d^ail this 
prooedore for the pref ened flow cytometer, die FACScan 
xnnning the (Consort 30 program: 

(a) Select '^read file from disk" (press 3). 

(b) Enter file name in correct fonnat starting with tag 1 
(control). 

(c) Select '^ead file frcan disk" (press 2). 

(d) Exit (press 0). 

(e) Select "analyze data" (press 4). 

(f) Select "single histogram** (press 2). 

(g) Srfect "parameter^ (<shiffc>-l for FLr.2). 

(h) Select "set markCTs" (press <stiift >-3). Select 2 
markers, one at flie origin daess ENTER) and flie 
second at the bottom of the negative peak. 



l129 

26 

(i) Select "display statistics" (press 9) and press "Y" to 

save data in file, 
(j) Obtain hard copy, of results (press <shift>-9). 
(k) Exit (press 0). 

(1) Exit again (press 0) and save the file (enter 14). 

(m) Repeat steps (a)-(0 and (i)-{l) until all data have been 
printed and saved. Do not adjust the markers once they 
have been set 

10 The results of the assay are considered to be acceptable if 
the viability of the positive control sample is less than 50% 
of the negative contiol sample(s). If the viabilitj' of the 
positive control sanqjle is greater than 50% of the negative 
control sample, the results are discarded and a new assay is 

15 nin. 

FORMULAnON OF A MULITDRUG CHEMOTHH^ 
PEUTIC REGIMEN 

A multidrug chemotherapeutic regimen is then chosen for 
the patient based on the results of the phaimacosensitivity 

20 assay performed on the patient's tumor. A. tumor may be 
considered to have high sensitivity to a particular drug if 
greater than 75% of the viable tumor cells are shown to be 
apoptotic; medium sensitivity if approximately 30-75^ of 
the viable cells are ^optotic; low sensitivity if approxi- 

25 mately 15%-30% of the viable tumor cells are apoptotic; 
and drug resistant if less than 15% of the viable tumor cells 
are apoptotic. Sensitivity may be rapidly calculated by, for 
exwaple, custom software or spreadsheet programs. 

In general^ the multidrug treatment regimen is formulated 

30 by sdecting the drugs for which the tumor exhibits the 
higtiest pharmacosensitivity. Usually, no more than ten 
drugs are chosen per regimen, with four of these being 
bidogicai response modifiers (and generally one of these 
being a hcnnoDe). Anotha preferred treatment is to apply 

35 the four or five most effective non-biological response 
modifier drugs plus one or two biological response modifi- 
ers. Treatments wherein four non-biological response modi- 
fier drugs plus an alpha interferon (and occasionally an 
additional biological response modifier, generally a 

40 hormone) have been tested wii^ excellent results, some of 
which are summadzed bdow. 

However, it must be remembered that selection criteria 
based on sensitivity levels will not always formulate the best 
multidrug treatment regimen. Ccatain drugs must be 

45 eliminated, or dosages nuist be reduced, if tiietooddtycftiie 
assay-ieconamaided treatment regimen is too high. Also, the 
f^iannacosoisitivity assay results must be intopxeted with 
caution, as the diiiical significance of the sensitivity levels 
has not been establidied for all drugs in the assay. As 

50 exaniples, levamisoile, megestrol acetate, and retinoic add 
are not cytotoxic drugs, and tumor cell viability in response 
to these drags does not differ significantiy horn control cells. 
Therefore, a low level of tomor cell response to these drugs 
should not be interpreted as drug resistance. 

ADMINISTRAnON OF THE REGIMEN 

The mnltidiug regimen may be administered by any of the 
foUowiiig methods known to the art, such as intravenous 
administration or even oral adininistration (where 

60 ^>prqpriate). The drugs ate generally administered at tiie 
TTinnc^mnm aLDgl&>agent dosago reooiximended by the manu- 
f acturet: Dosages aie reduced if the coml>ined organ toxidty 
or the cumulative dosage tcoddty of the multidrog regimen 
is icreversible. Other factors such as the time interval 

65 between prior surgery and present chemotherqiy and fiie 
patient's present status may indicate that lesser dosages 
should be used. 
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To insure that the in vivo results of the patient's treatment 
regimen track the in vitro pharmacoscnsitivity assay results 
as closely as possible, the same drug stock is used for both 
the assay drug samf^es and the treatment regimen. 

One preferred method of drug administration is locca-e- 
gional administration, in addition to (or in lieu of) systonic 
administration. Chemotherapy for solid tumors in man is 
usually given systemically, either orally or intravenously. 
Consequently, the antitumor effect (the drug level achieved 
at the target) depends on the blood supply of the solid tumor. 
Since such blood supply is often small, reducing the delivery 
of the drug to the tumor, the use of locoregional intra-arterial 
Infusion or perfusion chemotherapy has recently been of 
interest. Locoregional intra-arterial therapy involves the 
introduction of a percutaneous (Le., through the skin) cath- 
eter into an artery that feeds the tumor. Chcmotherapeutic 
drugs are then supplied through the catheter, with or without 
the use of a vasodilator to increase the blood suj^ly to the 
tumor. As an example, for Liver tumors, a catheter would be 
introduced into the hepatic artery. (Note that while 
80%-90% of the blood supply of the iiver is derived from 
the portal vein, the blood supjAy of liver tumors almost 
exclusively lends to be from the hepatic artery.) An excellent 
review of intra-aiterial therapy of primary and metasiatic 
disease may be found in Haskell et al., ed, Cancer 
TVeatment 3rd. ed, W. B. Saunders Company, 1990. 

The theory underlying locoregional intra-arterial drug 
therapy is that tiunor cells should be exposed to higher drug 
concentrations, and that locoregional administration pro- 
vides effective delivery of cytotoxic drugs to the tumor in 3Q 
concentrations greater than could be obtained by systemic 
administration. By supplying the drugs directly to the artery 
that feeds the tumor, a five- to twenty-fold increase in drag 
concentration can be obtained in the tumor as con^pared to 
systeniic therapy, with only ininimal toxicity to other organs. 35 
(Sther organs are not e^iposed to the maximum drug dose 
because locoregional drug administration achieves high 
drug concentration only on the '*first pass*": after tiie drug 
passes through the target organ and becomes mixed with the 
venous blood, any further drug exposure experienced by ^ 
non-target organs will be tfic same as though the drug had 
been given systemically via a peripheral vein. By allowing 
such dose escalation, marginally effective drugs can be used 
to increase ccU Mil, dicomvcnt existing drug resistance 
mechanisms of the tmnor, and prevent the emergence of new 45 
drug resistance patterns for the tumor. 

However, cotain drawbacks to locoiegional intra-arterial 
administration limit its use. It is geaetally recognized that 
percutaneously placed angiographic catheters or surgically 
introduced stiffplastic catheters frequently result in progres- 50 
sivc artery thrombosis with decreasing blood flow (or even 
conqdete ocdusiooX catheter displacement, and patient dis- 
comfort and inconvenience. Moreover, the often prolonged 
hospitalization required after percutaneous catfa^dizadon is 
a major obstacle. The catheters are also inconvenient due to ^5 
the need for hrequent maintenance by medical personnel 
However, a nmiber of tectmical devdqnnents have largely 
solved these problems and have greatly improved the fea- 
sibility of long-tenn aitedal catheterization and intracavitary 
treatment 

Hrst, the availability of flexible polymoic silicone 
(silastic) catiieters lor suigical placement, e.g., the Hick- 
mann and the Ti^ckhoff catheter systems, has grcafly 
reduced morbidity, and these systems can remain in place for 
over a year. For this reason, silastic catheters are preferred 

Second, the problems of maintwance and care have also 
been redinced by the introduction of portals whidi can be 
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attached to the intracavitary or intra-arterial catheter and 
fixed in a subcutaneous pocket to aDow repeated access to 
the peritoneal cavity or the blood vessel in question. As an 
example, a catheter can be placed in the hepatic artery via 
5 the gastroduodenal artery during laparotomy. It can then be 
threaded through a subcutaneous tunnel and attached to a 
vascular access port, which also is anchored subcutaneously, 
usually in the upper anterior rib cage. When a special 
"HUBER-POINT* (Exd IntemationaL Inc., Culver City, 
jQ Calif., U.S.A.) needle is used, the portal can be punctured 
through the skin and the thick self-seaHng portal sq>tum as 
often as necessary. Chemotherapeutic agents are then 
pumped in by a small, external, battery-powered chcmoin- 
fusion pump the patient carries in a pouch, achieving con- 
tinual intra-arterial chemoinfusions. The "PORT-A-CAnT' 
(Harbor Medical Devices, Inc., Jafitey, N.H., U.S. A.) 
catheter/portal systems have proven to function admirably 
well. Of these, the 'TOKT-A-CATH" is particularly pre- 
ferred Its large portal membrane size is of great advantage 
since the location of a very small subcutaneous membrane 
via a slippery and sometimes fluid-fiUed pocket may be 
troublesome, particularly in obese patients. 

For outpatients, continuous drug infusion can be provided 
by a totally implantable subcutaneous pimop, e.g. the 
"INFUSAID" pump (Infiisaid Corp., Norwood, Mass.). The 
"INFUSAID" utilizes an expandable reservoir inside a 
smooth, r^d titanium external shell. Between the shell and 
the reservoir is a fluorocarbon liquid in equilibrium with its 
vapor phase, and a catheter is attached to the reservoir. 
During laparotomy, the pump is placed in a subcutaneous 
pocket, and the catheter is inserted into the hepatic artery. 
The lescrvou-, which holds 50 ml, is filled through a silastic 
port in the puii^> by insertion of a needle througji flie skin 
and subcutaneous tissue. The pressure of diis injection 
expands the bellowslike reservoir, simultaneously filling the 
pump and condensing the fluorocarbon. Since at 37^ C. the 
vapor pressure of the substance is 300 mm greater than 
atmospheric pressure, the heat of the body causes a phase 
change in the fluorocarbon, and the expanding \spor exerts 
force on the bellows, which forces the infusate through a 
flow-regulating resistance element and out the catheter. At 
flow rates of 2 to 3 ml per 24 hours, Che pump can run for 
14 to 21 days without refilling. Each refilling recharges the 
driving mechanism. The device is quiet and efficient and has 
proved to be virtually free of mechanical technical 
problems. 

There are several significant advantages to totally 
implantable subcutaneous pumps. Patient acceptance has 
been enfliusiastic since all forms of activity, indnding rec- 
reational activities such as tennis, swimming, and golf, are 
unin^aired Hlliog the pvaap has proved to be a relatively 
quick and painless procedure, and the scarification of veins 
common with intravenous administration of flioapeutic 
agents is obviated Most important, because Ifae cntiTe sys- 
tem is internalized and because of the unique dnck-walled, 
snudl-diamcter lumen design of the catheter of the **INFU- 
SAID** system, catheter ocdusion and migration have been 
virtually unknown. With diese technical in^xrovements, 
long-term periods of continuous infusion can be accom- 
plished This tedmology has largely elimmatod the vagaries 
of external catheter ocdnsions, diisplacemait» inadvertent 
withdrawal, and similar technical problems that have 
plagued hepadc artery infiisioD chcmothcrqiy in the past 
Another alternative is an extracorporeal ponqnng device 
sudi as the "ACT-A-PUMP" (Pharmacia, Dufalhiy Ohio, 
U.S A.). Extracarporeal pvanps are economical smoe they 
may be used for more than one patient, but titey tend to 
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more inconvenient to the patient because the patient requires 
a continuous percutaneous needle connection to an external 
pump. 

The procedure of the invention has achieved exception- 
ally favorable results in the treatment of metastatic tumors, 
paiticulariy raetasiatic liver tumors, by use of locoregional 
infusion. Generally, metastatic tumors are treated with the 
same regimen used for treating a primary tumor. As numer- 
ous studies in the art illustrate, this often results in the defeat 
cf the primary tumor only to have the metastases overwhelm 
the patient; a battle is won, but the war is lost. It has been 
found that where the drug treatment regimen of the proce- 
dure is developed by pharmacoscnsitivity testing of a meta- 
static tumor sample, the regimen is highly eflfective not only 
on the. metastases; but on the primary tumor as well. The 
metastases arc treated by locoregional infusion, while the 
primary tumor may be treated simultaneously by systemic 
administration (or can also be treated locoregionally, if 
appropriate). When the primary tumor is no longer present, 
the locoregional treatment of the metastases may be contin- 
ued; alternatively, if the metastases are elindnated, the 
systemic treatment of the primaiy tumor may continue. Ihe 
results of treatment by simultaneous locoregional and sys- 
temic administration of chemotherapy dictated by testing of 
metastases are given in Experiments 29-33 below. The 25 
classical oncologist might view the treatment applied in 
these experiments to be an aggressive approach, but it is 
ttelieved that any inconveniences presented by the use of 
locoregional therapy are outweighed by the fact that the 
procedure offers far better response rates than prior art 
treatments. 

The three methods of locoregional intra-aiterial adminis- 
tration used most oflen in fbe procedure have been: 

(1) Super-selective catheterization wherein the catheter is 
inserted in the tumor nutrition artery. Generally, drugs 
are injected one to three times a day for 3 to 7 days. 

(2) The catheter is placed in the tumor nutrition artoy, 
generally once per week, and after drugs are adminis- 
teied it is removed. This procedure is repeated, gencr- 40 
ally until remission. 

(3) A permanent catheter Is surgically implanted and tiie 
drugs are administered t>y continuous infiisioiL All 
three methods have met with positive results with 
miTimifll in effects in the patient. 45 

Before the catheter is installed, the patient's vascular 
syst^ should be caiefuOy examined because instifficient 
faiowledge about vascular anosnalies can result in non- 
optimal infusion of the target organ. Ligation of vessels and 
the use cf moie ffum one cathet^ may be necessary to obtain 50 
optixaal infusion of die osrgan. 

B must be remembered that while many dmgs can be 
^Hed either systemically or locoregionally, not all drugs 
sre ^>propciate for all types of administfatioo. As one 
example, mcchlorcthanune hydrochloride (nitrogen 55 
nmstaid) is too toxic to veins to be applied loooregtonally. 
As anodier exanq>le, many of the drugs woold dthti be 
ineffective or deadly if ap|died orally. The manufacturer's 
instructions for use should be cazefidly followed in evesy 
case. AdditionaUy, if locoregional and systemic administra- 60 
tion are used, simultaneous^, dosages must be ac^usted to 
account for overall toxicity. When the dosages of tiie 
systemically-applied drags arc acjyusted to accoont for the 
looQtegionally-administered dosages, simultaneous locore- 
gicnal and systemic treatment is actually much less toxic 65 
than general systemic &erapy alone. In some cases, depend- 
ing on the drug take^ of the targ^ oigan, it may be 



possible to forego systemic administration in lieu of locore- 
gional administration because the venous blood exiting the 
target organ may carry the dosages appropriate for systemic 
therapy. 

EXPERIMENTAL RESULTS 

Following is a summary of experimental results obtained 
by use of the procedure described above. Experiments 1—28 
were performed to determine the variation in drug sensitivity 
between patient tumors as determined by the pharmacosen- 
sitivity assay of the procedure, and these experiments dero- 
onstiated that the same and similar types of tumors vary 
widely in in vitro response to the same drugs from patient to 
patient. Experiments 29-33 tested the efficacy of the treat- 
ment procedure on candidates with primary liver tumors and 
liver metastases, wherein the drugs were administered intra- 
arterially to the liver via the hepatic artery. 

Experiment 1: Patient (1) suffered from pancreatic cancer. 
A tumoa: sample was tested by the preferred embodintent of 
the pharmacosensitivity assay as set out above and the 
following results were obtained: 
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High Sensitivity 




Fhidarahiiic pbospbate 


943% 


Doxoiubidn 


93.1% 


Oac tiBorny c m 


92.8% 


Taxol 


S4.8% 


IntexiDediate Sensitivity 




Etoposide 


715% 


MiloC 


68.1% 


Thia-TEPA 


52.1% 


nHuIFNn 


49.5% 


VBL 


373% 


Ifos^micWMcsaa 


35.5% 


Low Sensitivity 




5-FU 


31.7% 


Bleomycin 


31.1% 


nHuIFNa 


30.6% 


rlFN^-lb 


283% 




27.4% 


rlFNclb 


2fiL7% 


Predoisooe 


2&5% 


GM-CSF 


217% 




22.7% 


VCR 


223% 


Resistant 




Paraplatin 


19.7% 


TlFNoc-2a 


13^ 




12M 


cHiilFNp 


12:4% 




8.8% 


Ctsptathi 


8.7% 


iTNF 




AiQcUK>ptcnn 


tAHb 


Retiocnc acid 


3L5% 


G-CSF 


304% 


Hycfaea 


2» 


Mcgestro! Acetate 


Xl% 


TViTp^iiifrn 


00% 



The positive (Afarin) control sample demonstrated 99.6% 
cell kill as compared to the negative control sample. 

E3q>eriment 2: Patient (2) suffeied from pancreatic cancer. 
A tumor sample was tested by the prcf coed embodiment of 
the pharmacosensitivity assay as set out above and the 
following results were obtained: 
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High Sensitivity 




Dactinocnycin 


99^% 


Doxombidn 


98jO% 


Tamoxifen 


94.6% 


Mito-C 


92.19b 


5.FU 


89.8% 


Intennec&ate Sensitivity 




Tktol 


77.6% 


Rctinoic acid 


64.8% 


Etoposide 


54.0% 


G-CSF 


.51.7% 


AmctfK^teriji 


.50.2% 


Ifbsfamide 


47.5% 


Floxuridine 


44.7% 


rTNF 


43.5% 


rIFN(X-2a 


40,5% 


Low Sensitivity 




Ifosfaniidc/Mesua 


34.3% 




34,2% 


GM-CSF 


3Z3% 


rlFN^lb 


29.1% 


rlFNT-lb 


28^% 


Mcdroxypro^stcroDc 


25.6% 


BCNU 


25.1% 


Mcgcstiol Acetate 


23,4% 


rIL-2 


21.2% 


Stieptozocin 


21.2% 


Resistant 




VCR 


19.3% 


VBL 


9.6% 


Somatostatin 


0.0% 


oHuIFNa 


0.0% 


dHuIFNtc 


0.0% 



The positive (Abrin) control sample demonstrated 99.7% 
cell kill as cQnq>ared to the negative control sainple. 

Ejcperiment 3: Patient (3) suffered from pancreatic cancer. 
A tumor sample was tested by the preferred embodiment of 
the phannacosensitivity assay as set out above and the 
following lesults were obtained: 



IntenztficSisle Sen^Uvity 




OCSF 


53.5% 


GM-CSF 


53.5% 


rlFNi^lb 


50,1% 


Doxorabicin 


43^% 


Mitx>C 


43.9% 


iTNF 


41.1% 


nHuIFNp 


38.7% 


Law Sen^tivlty 




nHuIFNn 


29>»% 


Dactznomycin 


273% 


rlFNP-lb 


23j0% 


VBL 


223% 


VCR 
Resistant 


21.6% 




18.1% 


riU2 


17.7% 




12/7% 


BCNU 


115% 


Retiaoic acid 


11.1% 


5OT 


109% 


AirMtthoptom 


9.7% 


Etopoaudo 


0J0% 




0J0% 


StrcptOKOcin 


OM 




OjO% 


BfefTStrot Acetate 


OjO% 


ModroxynoKstetooe 


0.0% 
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-continued 



Somatostatin OjO% 

Tamaoufcn 00% 

nHuIFNa OjO% 

5 rlFNa-2a OjO% 



The positive (Abrin) control sanq)le demonstrated 66.5'^ 
cell kill as compared to the negative control sample. 

10 

Experiment 4: Patient (4) suffered from pancreatic cancer. 
A tumor sample was tested by the preferred embodiment of 
the pharmacosensitivity assay as set out above and the 
following results were obtained: 
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Higb Sensitivity 




DactioCTiycin 


86.9% 


DoxonibiciD 


83.9% 


InteiiDediate Sensitivity 




Medroxyprogesternne 


71.0% 


rIFNa-2a 


48.7% 


Mito-C 


48.2% 


G-CSF 


47.1% 


rHluSFSn 


46.9% 


GM-CSF 


41.3% 


Me^tiol Acetate 


39,8% 


rl^^lb 


38.3% 


Low Sensitivity 




iTOP 


33.5% 


• Tamoxifen 


32^% 


5OT 


31.7% 


nHiilFNp 


30.6% 


rIFNT-lb 


24.4% 


VCR 


213% 


« Retinoie acid 


203% 


Resistant 




Floxtmdine 


8.0% 


VBL 


^ 7.6% 


BCNU 


4.6% 


StteptorociD 


3.2% 


Ifbs&mido/Mesna 


13% 


Amethnptenn 


02% 


Eti^xnide 


0.0% 


Ifosfandde 


0.0% 


TaxxA 


0.0% 




0.0% 


nHnlFNa 


ao% 


dL-2 


0.0% 


The positive (Abdn) control sample demoastiated 31.7% 


cell kiU as campared to the negative control sample. 


Eiqperiment 5: Patient (5) sufieied from pancreatic canoec 


A tmnor saix^le was tested by the prcfcacd embodiment of 


the pharmacosensitivity assay as set out above and ffie 


following results were otitained: 




mgb Seositirhy 




Dogiwuhicin 


98.5% 




95j6% 


Ti itpiii i^j;*^ Scositinty 




MitoC 


73^% 


VBL 


39.1% 


VCR 


353% 


Low Senatxvtty 




BCNU 


235% 
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Resistant 




Rctinok: ackl 


17^% 


5W 


15.2% 


Tamoxifen 


14.8% 


Strcptozocin . 


12.8% 


MedFOxyprogestciODe 


11.6% 


Somatostatin 


7.8% 


IfosfamkWMesDa 


7.7% 


tJL-2 


5.5% 


nHuJFNa 


2.7% 


Floxuridinc 


2„*i% 




0.7% 


.Btoposide 


0.0% 


libsfamidc 


0.0% 


AzDcthoptenn 


0.0% 


G-CSF 


0.0% 


GM-CSF 


0.0% 


MegcstiDl Acetate 


0.0% 


nHuIFNp 


0.0% 


nHuIFKn 


0.0% 


rIFNotr-2a 


0.0% 


rlFN^lb 


0.0% 


rlFNt-lb 


0.0% 




0.0% 
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The positive (Abdn) control sample demcoistrated 88.1% 
cell Mil as con^)ared to the negative control sample. 

Experiment 6: Patient (6) suffered from pancreatic cancer. 
A tumor sample was tested by the preferred embodiment of 
the pharmacosensitivity assay as set out above and the 
following results were obtained: 



High Sensitivity 



Doxorubicin 


99.8% 


MedroxyprogcstcroDC 


96S)% 


Dactinocnycin 


94.7% 


Tamoxifen 


863% 


Mito^ 


81.5% 


BirtexnMdi&te Seosdtivity 




Tkxo] 


77.2% 


Etopostde 


67.4% 


BCNU 


61.9% 


tlFNT-lb 


48J0% 


VBL 


47 J% 


nHuIFNa 


46^% 


Mpgpstrol Acetate 


46.6% 


iTNF 


45.7% 


VCR 


45.4% 


G-CSP 


45.4% 


CM-CSP 


44.6% 




39.1% 


Ixw Sensithrxty 




nHuIFNn 


34.9% 


Resistant 


25j0% 




17j0% 




7.4% 


StrcptoEocm 


5>4% 


rIFNP-lb 


2^% 




13% 


Fknoiric&ie 


OjO% 




OjO% 




0J0% 


iiFNa-2a 


OjO% 



40 



45 



The positive (Afann) oontrai san^le demonstrated 98.7% 
oeH kill as oon^xared to the negative control sanqde; 

Expemnent 7: Psatient (7) sufficrcd from acute myelog- 
enous leiitenda. A tunKir sample was tested byte preferred 65 
embodiiiient of the piianDacx>sensitivity assay as set out 
above and the fcdlowing results were obtained: 
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High Sensitivity 




Doxoxubicin 


99.7% 


Ara-C 


953% 


FlodarabiDc phosphate 


803% 


Intermediate Sensitivity 




GM-CSF 


77.6% 


G-CSF 


56.5% 


dHlIFNji 


49!?% 


Cyclophosphamide 


45.2% 


nHiilFNa 


44.6% 


PrednisoDc 


44.0% 


Hydiea 


43.9% 


rIFNvlb 


43.6% 


rTNF 


4L5% 


oHulFNp 


38.7% 


Resistant 




rIF>fp-lb 


16.3% 


Ametboptehn 


13.6% 


rIFNa-2a 


10.8% 


CladriUne 


0.0% 


. rIL-2 


0.0% 


The positive (Ahrin) control sample demonstrated 98.8% 


cell kill as compared to the negative control sample. 


Experiment 8: Patient (8) suffered from breast cancer. A 


tmnor sample was tested by the preferred embodiment of the 


pharmacosensitivity assay as set out above and the following 


results were obtained: 




Intermediate Seosiiivity 




Taxol 


683% 




62.1% 


oHuIFNtc 


61.7% 




602% 


Doxorubicin 


56^% 


rlFNT-lb 


55.7% 




55.1% 


Ara-C 


48,7% 


nHuIFNot 


48.1% 


G-CSF 


44.4% 


MiediQxyprogesteiQQe 


43.1% 


Melpbaian 


41.9% 


Etoposide 


3&6% 


Lew Sensitivity 




Ifosfiumdc 


a3.7% 


Ifosfkmide^Mesia 


31.4% 




29.4% 


rIFNa-2a 


24>i% 




32.6% 


VBL 

Resistant 


211% 


VCR 


I9>4% 




rj3% 


iJFN^lb 








l^dtea 


n2% 


CSspIatm 


1L0% 


sm 


83% 


Cycbfitho^hamidfi 


73% 


AxnethopCentt 


S.1% 




3£% 


zIL-2 


3.2% 


FkuunfiuB 


00% 


Dnc 


OM 




0J0% 



Tte positive (Abdn) control sample demonstrated 99,7% 
cell kill as can^>ared to the negative control sample: 

Eiqpaunent 9: Patieat (9) siiffcicd from breast cancer with 
livo' metastas e s. A tumor san^>le was tested 1^ the prcf ened 
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embodiment of the pharmacoseDsitivity assay as set out 
above and the following results were obtained: 
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High Sensitivity 




Taxol 


93.5% 




905% 


■■TI7M<r 1 
f IrWT- i 0 


89.7% 




85-0% 


nUiiTTTKIft 
DJlUU'jNp 


81.7% 




80.4% 


IntdTDcduite Sensitivity 




G-CSF 


78.3% 




77.2% 


Ooxonibic xh 


46.1% 


Resistant 




TaxDDXiicn 


13.1% 


Etoposide 


12.2% 


BCNU 


7.6% 


Mpsestrol Acetate 


3.6% 


Medroxyprogesterone 


2.4% 


Ara^ 


2.0% 


Prednisone 


1-5% 


MTTO-C 


0.9% 


5-FU 


0.7% 


Ifosfamide-Mcsna 


0.6% 


VBL 


03% 


Faiapiatin 


0.0% 


CisplsliD 


0.0% 


Cyclopliosphaiiiidc 


0.0% 


Floxuricfine 


0.0% 


tfosfamide 


0.0% 


Amctfaopterin 


oxm 


VCR 


0.0% 


Somatostatin 


OjO% 


rIL-2 


0.0% 


rIFNa-2a 


0.0% 




OjO% 





Mito-C 


18.1% 




rIFNa-2a 


18X)% 




rlFN^lb 


175% 


5 


iTNF 


35% 




G-CSF 


0J0% 




GM-CSF 


0J0% 




Medroxypiogcstcrcme 


OjO% 




nHuIFNa 


0J0% 




nHuIFNP 


Ojo% 


10 


rIFNT-lb 


OjO% 
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The positive (Abrin) control sample demonstrated 52.8% 
cell kill as compared to the negative control sample. 

Experiment 11: Patient (11) suffered from bladder cancer. 
A tumor saii^le was tested by the preferred embodiment of 
the pharmacosensitivity assay as set out above and the 
following results were obtained: 
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Intennedtate Sensitivity 




Bleomycin 


773% 


rIFKar2a 


69.2% 


rlFNx^lb 


61.1% 




583% 




43.1% 


Hydrea 


42.2% 


Low Sensitivity 




Retinoic acid 


34.6% 


Floxuridinc 


29.4% 


Aroctboptcrin 


24.2% 



The positive (Abrin) control sample demonstrated 97.6% 
35 cell kill as compared to the negative control sample. 



Expaiment 12: Patient (12) suffered from, bladder cancer. 
A tomor sample was tested by the prefened embodiment of 
the pharmacosensitivity assay as set out above and the 



The positive (Abrin) control sanq)le demonstrated 75.0% 
cell kill as con4)ared to the negative control san^le. 

Bxpedment 10: I^tient (10) sofieied from breast cancer. . 
Atomorsamplewastestedbytheirefcrredembodimentaf ^ following results were obtamed: 
the pharmacosensitivity assay as set out above and the 
following results were obtained: 



Hjgh Seimti>i^ty 

DoxofubictD 
InlcnQediatB Sensitivity 

VCR 

MegesQol Acetate 

Cyc)opho6ph8nitd6 
FlamridBiie 



BCNU 
dHuIFNji 
Low Secsitivity 

Cisplatia 



VBL 
5OT 



Ibxol 
AnC 

Amdhoptain 



93.7% 



57.9% 
54^% 
54A% 
51.6% 
49j0% 
47.1% 
44.0% 
42.1% 
42.0% 
405% 



39.9% 
37J0% 
35.1% 
33.9% 
29.2% 
25.6% 
215% 



193% 
18.7% 
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773% 


rIFNa-2a 


£9^% 


dFNx^lb 


6L1% 


MittvC 


583% 


rIFNp-lb 


43.1% 


Hydrea 


42.2% 


Low ScD^tfvity 




Retinoic acid 


34.6% 


Floxundme 


29.4% 


AxneChoptEiin 


24.2% 



The positive (Abrin) contrc^ sample demonstrated 97.6% 
ceU'kill as con^uned to the negative oontrcd sanqie. 

B}q)crimcnt 13: Patient (13) suffczcd from chronic myd- 
ogenous leokemia. A tumor sample was tested by the pre- 
fecred embodiment of the pharmacosensitivity assay as set 
60 out above and die following restdts were obtained: 



65 



PooDDndwciD 
ArftC 



94j0% 
81X>% 
80.6% 
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Intermediate Sensittvity 






50.1% 


CyclopbosE^uziidc 


38.9% 


Resistant 




nHuIFNp 


19.1% 


nHidFNjt 


15.1% 




13J% 


Ame&optcrin 


1Z2% 


Prednisone 


9.0% 


rlFNt-lb 


8.9% 


rlFN^lb 


83% 


rIFNa-2a 


7.9% 


G-CSF 


0.0% 


GM-CSF 


0.0% 


Samatostatiii 


0.0% 


nHiiIFNa 


0.0% 


rIL-2 


0.0% 


The positive (Abrin) control sample demonstrated 99.6% 


cell kill as compared to the negative control sample. 


Experiment 14: Patient (14) suffered from chronic myel- 


ogenous leukemia. A tumor sample was tested by the pre- 


ferred embodiment of the pharmacosensitivity assay as set 


out above and the following results were obtained: 


IntennediBte Sensitivity 




Fhtdarabine phosphate 


65.1% 


Aia-C 


eo.1% 


Cladnbinc 


58.3% 


rIFNP-lb 


49.2% 


Doxorabicin 


4Z9% 


nHuIFNp 


40.3% 


Low Sensitivity 




Hydrca 


3Z7% 


TlFNa-2a 


303% 


Ftoduisone 


27.8% 


AmctfaDptcrin 


26.9% 




245% 


Cydophosphamide 


233% 


rlFNi^lb 
Resistant 


23.0% 


nHuIFNci 


183% 


iTNF 


14.1% 


rIL-2 


133% 


Etoposidc 


11.1% 




8.1% 


G-CSF 


ao% 


GM-CSF 


OjO% 



Hie positive (Abnn) control siassple demcmstrated 99.6% 
cell kill as ccai^pared to the negative control sample. 

Expedment 15: Patient (15) suffered from chronic myel- 
ogenous leukemia. A tumor sanjde was tested by the pre- 
fmcd emibodinKnt of the phannacosensitfvity assay as set 
out above and the following results were obtained: 



Doxonibidn 99.9% 
IcBcnpfldfate Seoaitivity 

&CSF G>A% 

Hydrca 52J0% 

A»C 47.1% 

FbdmlbiiiB phosphate 463% 

Cladribbe 443% 
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45 



60 



GM-CSF 


41 .7% 


iIFNp-lb 


40.2% 




35.4% 


Low Scosilivxty 




nHuIFNp 


273% 


nHiflFNa 


25Z% 


rlNF 


24.0% 


rIFNct2a 


23.7% 


Resistant 




TlFNi^lb 


20.0% 


Amctbpi^riD 


10.5% 


Cyc Jophnsphamidft 


3.8% 


Prednisone 


2.2% 


SomatostatiD 


OjO% 


rIL-2 


0D% 


The positive (Abrin) control sample demonstrated 99.7% 


cell kill as compared to the negative control sample. 


Experiment 16: Patient (16) suffered from duronic myel- 


ogenous leukemia. A tumor sample was tested by the pre- 


ferred embodiment of the pharmacosensitivity assay as set 


out above and the following results were obtained: 


High Sensitivity 




Doxanibicin 


94J0% 


Fludarabine pbos|iiate 


81J0% 




80.6% 


Intermediate Sensitivity 




Hydrca 


50.1% 


Cyckphmphamidft 


385% 


Resistant 




nHiilFNp 


19.1% 


nHiilFNn 


15.1% 


iTNF 


13^% 


AtDctfaoptcnn 


12.2% 


Prednisone 


90% 


rlFNx^lb 


SS% 


rIFNp-lb 


83% 


rIFNa-2a 


19% 




QJO% 


GM-CSF 


0X)% 


Sosoatostatm . 


0J0% 


nHuIFNa 


OJ0% 


rIL-2 


00% 


The positive (Abrin) control san^e danonstiated 99.6% 


cell kill as canopared to the negative control saixq>le. 


E:q>eriment 17: Patient (17) sufiFcred from chronic myel- 


ogenous leukemia. A tumar smxplt was tested by the pre- 


ferred embodiment of the j^iannacosensitiv^ assay as set 


out above and the following results were oibtained: 


High ScDsitsTity 




Doxorubicin 


99S% 




963% 


Ar&<: 


98.2% 


Prednisone 


az.2% 


Intcrmrdiate Scnssth^ty 




CydopltiM^thanikle 


53.6% 


Hydrca 


45.7% 


rIFNot-2a 


43^% 


iIFNe-lb 


423% 


nHuIFNp 


393% 


hHuIFNk 


393% 
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rlFN^lb 


35.6g& 


Ixrv Sensitivity 




nHuIKNfa 


33.3% 


rlNF 


25.6% 


G-CSF 


21.0% 


Resistant 




Ametbaptcrin 


15.2% 


Somatostatin 


14.1% 


rlL-2 


5^% 


GM-CSF 


0.0% 


The positive (Abrin) control sample demonstrated 97.9% 


cell kill as compared to the negative control sample. 


Experiment 18: Patient (18) suffered from chronic myel- 


ogenous leukemia. A tumor sample was tested by the pre- 


feiTcd embodiment of the pharmacosensitivity assay as set 


out above and the following results were obtained: 


High Sensitivity 




Doxoiubicin 


98.5% 


iDtcimcdiate Sensitivity 




rTNF 


66.8% 


G-CSF 


543% 


FludarabiDc phosphate 


52X)% 


nHuIFNn 


49.3% 


Ara-C 


46.7% 


nUuIFNa 


43.8% 


rlFNT-lb 


43.6% 


GM-CSF 


39.7% 


nHuIFN3 


36.8% 


Cydopbospltaimde 


35.9% 


Low Senativity 






31.1% 


Resistant 




Hydrea 


0.0% 


Ametbcrptcrin 


0.0% 


Somatostaiin 


0D% 


rlL-2 


0.0% 


rlFNo^2a 


0X)% 


rlFN^lb 





The positive (Abdn) control san^e demonstrated 97.9% 
cell kill as conq>ared to the negative control sanqde; 

E]q)erimBnt 19: Patient (19) suffeied from chronic myel- 
ogenous leakemia. A tumor san^ie was tested by the pie- 
ibiied embodiment of Ifae {^annacosensitivity assay as set 
out above and the following results were obtained: 
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20 
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rTNF 


16-8% 


iIFNT-lb 


16.4% 


GM-CSF 


14.5% 


PredaisQDB 


12.7% 


rIFNp-lb 


5.8% 


Amefboptenn 


23% 


Samatostatin 


OjO% 


rIL-2 


0D% 


rIFNa-2a 


0.0% 


The positive (Abrin) control sanq^le demonstrated 99.4% 


cell kill as compared to the negative coatrol sample. 


Experiment 20: Patient (20) suffered from Waldenstrom*?; 


macroglobulinemia. A tumor sample was tested by the 


preferred embodiment of the pharmacosensitivity assay as 


set out above and the following resiiits were obtained: 


High Sensitivity 




rIFNT-lb 


91.8% 


Intennediate Sensitivity 




nHiilFNTt 


584% 


iTNF 


48.2% 


G-CSF 


46-7% 


sHuIFNp 


42.1% 


Fludaxalmic j^osplialc 


36.4% 


nHuEFNgt 


35.6% 


Low Seai^vity 




GM-CSF 


33.7% 


Etoposide 


31.6% 


Medroxyprogesterone 


30.9% 


Aia-C 


27.4% 


rIFNa-2a 


25.9% 


\felpha1aa 


23.2% 


rIFNMb 


21.0% 


Resistant 




Cladribine 


17.2% 


^FLUOROURACIL 


16.6% 


Ifos£Bkiiujd& 


14^% 


CycIopboq}banude 


14.6% 




11.2% 


VCR 


8.4% 


Ifo.tfimuile/Mcspa 


7.6% 


VHL 


SJt,% 




3.7% 


Souuuoststiii 


0.5% 


CisptatiiL 


0.0% 


riU2 


0.0% 



High Sensitivity 




DoatDzubicin 


99.1% 




69.8% 




59.5% 


Low Sessitinnty 




nHuIFNn 


34.7% 


nHidFNp 




nHuIFNo 


26.7% 


Hydm 


26.6% 


G-CSF 
Rcsistsnt 


25.0% 


Cydophosphamite 


16.2% 



The positive (Abrin) contrd sample demonstrated 98.5% 
50 cell kill as conqmred to the negative control sample. 

EscpeniDcnt 21: Fatirat (21) suffered firom Waldenstrom's 
macrpglobolinefnia A tumor sample was tested by flie 
preferred embodiment of the phannacosensitivity assay as 
set oat above and Ibe following results were obtained: 
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Dooomdncin 
AEftC 

Low Sensithrily 



MxtiM: 

liosfiuiiidc/McfiDa 



605%. 
35.6% 



30.2% 
21.6% 



10.1% 
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rIFNa-2a 


SS% 


dUuIFNji 


4.1% 


uHuIFNp 


35% 


nHuIFNa 


33% 


CyclophosphanBdc 


1.7% 


Cisplatin 


ojo% 


Etoposide 


ojO% 


5-FU 


OjO% 


Nfelphalaii 


OjO% 




OjE)% 


VCR 


OjO% 


G-CSF 


OjO% 


GM-CSF 


OjO% 


Mfcdroxypro^cstcTODc 


0.0% 


SomatostatiD 


OjO% 


Tamoxifen 


0.0% 


rlL.2 


OjO% 


rIFNT-lb 


0.0% 


rTNF 


0.0% 


The positive (Ahiii) control sample 


demonstrated 91.6% 


cell kill as compared to the negative control sample. 


Experiment 22: Patient (22) suffered from Waldenstrom's 


macroglobulinemia. A tumor saii]|>le was tested by the 


preferred anbodiment of the pharmacosensitivity assay as 


set out above and the following results were obtained: 


High Sensitivity 




DoxonibiciD 


98.1% 


Intrimnrtiafft Sm^itivity 




FhidarabiDe phosphate 


50.4% 


Ara-C 


41.7% 




393% 


Low Scuatiri^ 






22.5% 




20,1% 


Resistant 




Cyck>pt)06phazmde 


153% 


VBL 


94% 




62% 




3.1% 


Cisplatin 


^8% 


tlL-l 


2.2% 


nHuIFNa 


1,1% 


Etx^oside 


0.0% 


SOT 


0.0% 


Melpfaalan 


0.0% 


VCR 


0X>% 


G-CSF 


0J0% 




00% 




0j0% 




OjO% 


dHuIFNji 


OjO% 




0S3% 


rIFNp-tb 


00% 


rlFNclb 


QM 


iTNF 


OjO% 



15 



20 



btuennediate Sensitivity 




Fhidarabioe f^ospbate 


36.4% 


Lew Sensitivity 




tTNF 


21.1% 


Ifosfamide 


21.0% 


Resistant 




Etqx)sk)e 


20.0% 


DoxorubicLU 


11.1% 


Cyckipbosphamidc 


10.0% 


oHuIFNit 


8.9% 


BCNU 


7.79f? 


rIFNx-lb 


5.4^ 


VBL 


5.2% 


EfiDsfamide/Mcsna 


5.1% 


rlFN^lb 


3.0% 


IVlOCQlOrCllUlTMIl r. 


1.0% 


hydrochloride 




oHuIFNp 


0.3% 


Bleomycin 


0.0% 


DTK 


0.0% 


Hydrea 


0.0% 


Amcftoptcrin 


0.0% 


Sticptozocin 


0.0% 


VCR 


0.0% 


Somatostatin 


0.0% 


nHiiIFNa 


0.0% 


rIFNa-2a 


0.0% 


rIL-3 


0.0% 


rIU2 
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The positive (Al>rin) control sample demonstrated 96.8% 
cell kill as compared to the negative control sample. 

Experiment 24: Patient (24) suffered from osteogenic 
sarcoma. A tumor sanq)le was tested by the preferred 
embodiment of the pharmacosensitivity assay as set out 
35 above and the following results were obtained: 



40 



45 



50 



55 



The positive (Afarin) contral sample demonstrated 99.0% 
ceU kill as conqiared to the negative centred san^e; 

Experiment 23: Pattent (23) soffeml from non-Hodgkin's 
lynqthoma. A tumor sanqde was tested by the piefened 
embodiment of the pharmacosensitivity assay as set oat 
above and fh& following results were obtained: 



60 



63 



High Sensitivity 




DcoRmibiian 


99-8% 




97/7% 


Iptermediate Sensitivity 




Mho-C 


59.6% 


dPN^lb 


44j6% 


Resistant 






20jO% 


Osphtin 


170% 


Etoposide 


16j6% 




1Z5% 


dL-2 


9^ 


MK 


84% 




5.7% 


nHuIFNp 


54% 


Amethopterin 


33% 


Bleomycin 


00% 


CycTnpHo^^l **-** ***^^^ 


00% 


Tfi f w 1 1 


00% 


IfibsfiamdoMeaaa 


00% 




00% 


VBL 


00% 


VCR 


00% 


OCSF 


00% 


GM-CSF 


00% 




00% 


. nHuIFNa 


00% 


xIFNat-2a 


00% 


dFNc-lb 


00% 


iTNF 


00% 



The positive (Abcin) control sample danoostrated 99.6% 
ceU kin as con^Mtred to the negative ccmtid sanqde. 
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Experiment 25: Patient (25) suffered from ovarian carci- 
noma. A tumor sample was tested by the preferred embodi- 
ment of the pharmacosensitivity assay as set out above and 
the following results were obtained: 



High Scnsilivity 




Poxombictn 


86.79t- 


Iiitemicdiatc Sensifivify 




Ifbsfamide 


74S% 


rlFNP-lb 


72,5% 


G-CSF 


68.2% 


GM-CSF 


66.89b 




66.4% 


rIFNT-lb 


633% 




62.6% 




62.1%' 


nHuIFNot 


CW. /TO 


nlTttTin^tr 

nnuLrjNTL 


60.2% 




55.5% 




51 .7% 


Floaniridinc 


46.4% 


VBL 


43^% 


VCR 


44.1% 


Tamoxlfi^ti 


41.7% 


Megesbol Acetate 


40.8% 


SocnatostatiB 


40.8% 


Cyclophos^amide 


39.8% 


Amcthoptcrin 


393% 


Low Sensitivity 




rlFNo^la 


34.1% 


Resistant 




jmc 


14.2% 


nHuIFNp 


7.6% . 


BCNU 


0D% 


Cisphtin 


oxwt 


Etx^side 


OXWfc 


MedroxypTo^stcroDC 


OjO% 


rIL-2 


OJ0% 



The positive (Abrin) control sample demonstrated 78.7% 
cell kill as compared to the negative control saiiq>le. 

Experiment 26: Patient (26) suffered from glioblastima 
multifocma. A tumor saiiq>le was tested by the prefen-ed 
embodiment of the phaimacos^sitivity assay as set out 
above and flie following results were obtained: 
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0.0% 


VCR 


0.0% 


Somatostatin 


0.0% 


nHulFNo 


0.0% 


tJL-2 


0.0% 



The positive (Abrin) control san^)le demonstrated 91.0% 
cell kill as concipared to the negative control sample, 

Expetiraent 27: Patient (27) suffered from pleomorphic 
adenocarcinoma A tumor sample was tested by the preferred 
embodiment of the pharmacosensitivity assay as set ml 
above and the following results were obtained: 



30 
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High Sensitivity 




nIMFNa 


81.6% 


Ihtennediate Seositivity 




oHuIFNp 


78.4% 


iiHuIFNn 


VS% 


rTNF 


77.4% 


G-CSF 


76.5% 


GM-CSF 


72.4% 


Doxorubicin 


53.9% 


Low Sensitivity 




BCNU 


25.091. 


Rcsi^itaiit 




Ametfappterin 


11.0% 


PrcdnisoDc 


63% 


Ifosfaznide 


5.0% 




3.1% 


VCR 


sxm 


Cyckpbosphamide 


2M 


DactiDcmycin 


23% 


Fhidaratnoe pibos{iLatc 


2.0% 


rIFNP-lb 


3.4% 


VBL 


1.6% 


Bleomycin 


1.5% 


DTK 


13% 


JUbsfamide/Mesaa 


1.4% 


rlFNo^2a 


1J% 


rJFSx-Xh 


03% 


Ara-C 


0-4% 


Retinoic acid 


OjO% 


Hydrea 


0i>% 


Ctsplatin 


Ojo% 


3-FU 


OjO% 




0i>% 


rn^2 


0i>% 



High SecsitiTity 




nHuIFNp 


953% 


rlFNt^lb 


953% 


GM-CSF 


94.7% 


G-CSF 


89^% 


ilNF 


80.6% 


Tiit^niwftiate ScSlSltlVlty 






79^% 


dPNp-lb 


73.6% 


Resitfaut 




Poju>nibiffin 


8^ 




8i>% 


I^ednisoiio 


7^% 


BCND 


Sj6% 


rIFNcfc-2a 


5A% 




IJ6% 


Retinoic acid 


0J0% 


Cfaptalin 


0J0% 


5-FU 


0J0% 



The positive (Abrin) control sample demonstrated 71.7% 
50 cell kill as compared to the negative centred sample. 

Experiment 29: Patient (28) suffered from mdanoma. A 
tumor saxnple was tested by die prefeoed embodiment of die 
phannaoosrasitivity assay as out above and the following 
results were obtained: 



60 



65 



LotaiDcdiate Sepsittwly 
VHL 

DaxDiubicin 

Ara-C 

BfemnyciQ 

CycJcptkyniliiHiiiffc 

dik: 

MItc^C 
'DnnDziScD 



75.6% 
72.1% 
745% 

as% 

55.9% 
4&9% 
473% 
4X2% 
35.6% 



5, 

45 

-continued 



Low Sensitivity 




G-CSF 


34.0% 


VCR 


32.19& 




31.596 


Xff It Irw^tli^ Tn 
iTlCCliiL/rC lluUiliUC 


26.7% 


liydrochl ondc 




Ifosfftmidc/McsD 3 


26.0% 


aitmrrtp 


24.8% 




24.5% 




230% 


TlFNa-2a 


213% 


Fhidarabirie pbosp^iaic 


21.8% 


Cisplatin 


20.9% 


Ifosfamidc 


20.7% 


RcststaDt 




nHiilFNTi: 


19.9% 


TiFNp-lb 


19.9% 


rIFNr-lb 


16.7% 


Somatostatin 


15.7% 


iJL-2 


15.0% 


rTOF 


1Z8% 


nHuIFNa 


1Z8% 


Retinoic acid 


0.5% 


5-FU 


0.0% 



The positive (Ahrin) control sample demon^ated 94.5% 
cell kill as con^ared to the negative control sample. 

Experiment 29: 78 patients having liver metastases were 
treated by use of the procedure. ITie primary turners were: 
breast L4; renal cell 8; colorectal 14; lung adenocarcinoiiia 
12; melanoma 12; ovarian 8; primary liver 5; and salivary 
gland 5. All patients were previously unsuccessfully treated 
with conventional therapy. Tumor tissue was obtained by 
biopsy of the liver, and thus the metastases provided the 
basis for the pharmacosensitivlty assay. A catheter was 
introduced percutaneously to the common hepatic artery or 
inq)lanted during surgery. A ccnnbination of systemic and 
locoreglonal chemother^y was administered 8 times for 3 
hours evay 4 weeks, with drags and dosages chosen accord- 
ing to the assay. 43 drugs were tested with the assay, 5 of 
these being biological response modifiers. All 78 patients' 
tnmocs demonstrated sensitivity to doxoTubiciD, mito-C, 
ci^latin and interferon alpha (IFNa). Patients widi tiie 
following tumors also dcnionstiated sensitivity to the fol- 
lowing drugs: cacfooplatin for ovarian and lung canco", 
fioxuridine for colon cancer; methotrexate far breast and 
salivary gland cancer; dacarbazinc for mdanoma; etoposide 
for renal ceil and primary liver cancer; and bleomycin for 
salivary gland cancer. It is hypothesized that the correlation 
between die phannacosensitivity of the metastases and the 
^pe of the primary tumor involved is a reflectiQa of the 
particular weaknesses of tiie pdmary tumor cell lines. 

After 4 courses of treatment, 23 patients achieved com- 
piete remission for 8 or more monttis; partial remission was 
achieved in 35 patients fox 19 to 24 months; no change was 
achieved in 14 patients for 8 mon&s; and 16 patients 
demonstrated disease progression. Side-^ects of nausea, 
vomiting, leukopenia, anemia and thrombocytopenia were 
cKpcncnccd, but all were transitory and of ihoxt duration. 
The e3q)enment showed that ttie procedure offers an efieo- 
tive dioioe of drugs for overall treatment i-e., sinuiltaneous 
treatment of both primaiy tbmors and (liver) metastases, 
with minimal side-effects. 

Experiment 30: In 17 patirat^ (average age 57 years, 
varying from 32-71 years; 6 females, 11 males) suffering 
from colon carcinoma with liver metastases, an intra- 
arterial, intra-he|>atic catheter was inqilanted. I\anior tissue 
was obtained by liver biopsy during this procedure, and thus 
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the liver tumors provided the basis for the pharmacosensi- 
tivlty assay. During the assay, the tumor was tested with 26 
drugs (including 5 biological response modifiers). Drug 
sensitivity to the same drugs varied considerably amongst 

5 the patients. The four most active drugs for each patient, phis 
intoferon alpha (IFNa) were administered to eadi patient, 
and each drug was administered at the highest recommended 
dosage. Systemic chemother^y was applied, and one-day 
locoregional infusion was administered every 4 weeks. 
Complete remission was obtained in 5 patients for at least 18 
mondis, and three patients are still in complete remission 
after 3 years. Partial remission was obtained in 10 patients, 
varying in duration from 8 and 24 months. No diange was 
obtained for 1 patient for 8 months. One patient showed 
disease progression. Minimal side-effects (nausea, vomiting, 

15 thrombocytopenia) were observed The' expaiment showed 
that the procedure offm an effective choice of drugs for 
liver metastases of colon carcinoma when given in locore- 
gional infusion, with minimal side-effects. 

E?{periment 31: 14 patients suffering from pancreatic 

20 cancer widi extensive liver metastases were treated by use of 
the procedure (median age 56, age from 32-78, 2 females, 
12 males). Liver tnmca- ceUs were tested with 30 drugs 
(including 6 biological response modifiers and 3 hormones). 
Doxorubicin, methotrexate, fioxuridine, streptozotocin, 

25 BCNU, mito-C, ds-platinum, carboplatin, and interferc»)s 
alpha and gamma (IFNa and IFNx) were found to have 
activity in the pharmacosensitivity assay. A percutaneously 
introduced intra-arterial, intra-hepatic catheter was admin- 
ist^ed directly to the pancreas and die liver (with approxi- 

3Q mately 33% delivery to the pancreas and 67% to the liver). 
The four most active drugs for each patient and IFNa and 
IFNt were used for the respective patient Over 3 hours of 
locoregional infusion were administered every 4 weeks for 
6 weeks along with systemic administration. 

35 2 patients achieved complete remission for 18 or more 
months (with both patients being alive after 3 years). 8 
patients achieved partial remisston; 6 of these had radical 
surg^, 4 with comply resection. Partial remission was 
adiieved for between 8 and 24 months. 1 patient achieved no 

40 change for 6 months. Minimal side effects were observed. 
The experiinent showed that die procedure offers an effec- 
tive choice of drugs for pancreatic cancer and liver 
metastases with Tninimal side-effects. 
ETtperiment 32: 21 patients suffering from colon cancer 

45 ydih liver metastases were treated by the procedure (average 
age 61, from 35-75 years of age, 8 females, 13 males). All 
patients failed to respond to previous extensive therapy. The 
pharmacosensitivity assay was pofoimed on liver tmnor 
cells with 26 drugs (5 of which were biological response 

50 modifiers). Doxorubicin, methotrexate, fluoruradi, 
floxuridine, BCNU, ara-C, streptozotocin and interferon 
alpha (IFNa) were fcmnd to have good activity against the 
colon cancer cells. Ibe 5 most active drags for each patient 
and interferon a^iha were administered once every 4 weeks 

55 for 6 weeks by intra-artcfial, intra-hepatic caflietcr, and also 
by general systemic admiaistration. 

7 patients achieved comply remission for 24 or more 
moQifas, with 4 patients still in coniplele remission after 4 
years. Partial remission was achieved in 7 patients for 7 to 

£0 35nwntfa5;oftfkese,4hado(m9>leteliverres6ctioBandlhad 
partial liver icsccticMi after the chemotherapy was comr 
pieced. 6 patients demcmstrated no change for 8 months. 1 
patiest showed disease progression. Minimal side-efifects 
(leukopenia and thrombocytopenia) were observed and were 

65 reversible. The c^qieriment showed that the procedure offers 
an effective choice of drugs for colon cancer with liver 
metastases with minimal dde-effects. 



5,736,] 

47 

Experiment 33: 86 canccx patients with liver metastases, 
all of which were previously treated unsuccessfully with 
conventional thcr^y, had primary tumors were of the diges- 
tive tract (39 patients); genito-urinaiy tract (10 patients); 
breast (18 patients); respiratory system (11 patients); and 5 
melanoma (8 patients). A cathetar was iatroduced percuta- 
neously to the hq)atic artery or iiiQ)lanted during surgery. 
30.0 mg of tolazoline hydrochloride was injected intra- 
arterially to dilate the hepatic artery bmncdiatdy after 
placement of the catheter and before chemotherapy. Uvea- 10 
tumor cells demonstrated sensitivity to doxonihicin, mito-C, 
dsplatiD and interferon alpha in the pharmacoscnsitivity 
assay and were used for all 86 patients. 'l\vo additional drugs 
(as per patient tumor response) were added to this regimen 
for each patieal. Each patient was treated systcmically and 15 
intra-arteriaUy for over 3 hours per day, one day eveiy 4 
weeks, for 6 courses. Complete remission was achieved in 
24 patients with a duration of 8 or more months. 35 patients 
achieved partial remission for 8-24 months. 24 patients 
demonstrated NC for 8 months. 3 patients were nonrespon- 20 
sive. Minimal transitory side effects were observed. No local 
toxicity to the vessels, liver or gallbladder occurred. The 
experiment showed that the procedure allowed a choice of 
an effective chCTaotheiapeutic regimen for cancer with Uvea- 
metastases. 25 

It is understood that the invention is not limited to the 
particular apparatus and arrangement of steps herein 
described, but embraces any modified forms that fall within 
the scope of the following claims. 
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What is claimed is: 

1. A method for treating non-leukemic cancers in humans 
comprising: 

(a) preparing a cancer cell suspension &om a cancer 
specimen obtained from a human non-leukemic cancer 
patient; 

(b) preparing a control sample from the cancer cell 
suspension; 

(c) preparing several drug.san^les from several putative 
cancer cell growth4nhibiting drugs and the cancer cell 
suspension, each drug sanqyle containing a mixture of 
the cancer cell suspension and at least one drug; and 
then 

(d) incubating the control sample and drug sano^les; then 

(e) staining the control samples and drag saiiQ>le with a 
DNA intercalating dye; &en 

(f) detennining the cancer cdl viability in the control 
sample and the drag sanqdes by use of a flow cytometer 
and determining the white cdU content of the cancer 
cdl suspension and adjusting the determined cancer 
cdl viability of each drag saii9>ie and the control 
sanqile to compensate for flie ^^lite cell content of 
each, wheteby an adjusted cancer cell viability of each 
drag sanq)le and the control saii;>le is ditained; then 

(g) c opyftring the adjusted canccx ceB viability of eadi 
drag $anq)le with the ac^usted cancer cefl viability of 
the control sanq>le; and then 

(h) prqiaring a drug treatment regimen for the human 
non-leukemic cancer patient containing sdected drugs 
chosoi from the sevoal cancer cdl growth*inhibidng 
drags, the sdected drugs corresponding to the drags in 
the drag samples having the lowest afQusted cancer cell 
viability in compaxison to the control sample; and then 
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(1) administeiing the ding treatment regimen to the human 
non-lcukemic cancer patient in an amount which is 
effective to inhibit the growth of the cancer. 

2. The method of claim 1 wherein step c further comprises 
calculating the viable cancer cell concentration within the 5 
cancer cell suspension, and wherein each drug contained 
within each drug sample is added in a predetermined aliquot 
amount proportional to the viable cancer cell concentration. 

3. The method of claim 2 wherein each drug sample 
includes at least one of the following drugs at the following lO 
aliquot amounts, and wherein each dnig contained within 
eadi drug sample is diluted by a pharmaceutical diluent 
proportionally to a viable cancer cell concentration of about 
1x10* cells/rai: 

amethopterin, 0.25 nig/3.0 ml; 
ara-C, 0.60 mg/ml; 
BC3W, 0.003 mg/3.0 ml; 
bleomycin, 0.05 u/ml; 

cis-platin, 0.03 mg/3.0 ml; 20 
dadribine, 0.01 niig/ml; 
cyclophosphamide, 0.020 naig/3.0 ml; 
dactinomycin, 0.015 mg/ml; 
doxGTubicin, 0.02 mg/3.0 ml; 
DnC 0.1 mg/3,0 ml; 
etoposide, 0.20 mg/3.0 ml; 
fludarabine phosphate, 0.25 mg/3.0 ml; 
5-FU, 0.50 mg/3.0 ml; 
floxuridine, 0.2 mg/3.0 ml; 
hydrea, 0.50 mg/mi; 
idamydn, 0.001 mg/3.0 ml\ 
ifosfamide, 1.5 mg/ml; 
levamisole, 0.05 mg/3.0 ml; 
mechlorethamine hydrocfaloride, 0.01 mg/3.0 ml; 
medroxyprogesterone, 1.50 rag/3.0 ml; 
megestrol acetate, 0.008 mg^.O ml; 
melphalan, 0.0002 mg/3.0 ml; ^ 
mesna, 3.0 mg/3.0 ml; 
mito-C, 0.005 mg/ml; 
octreotide acetate, 5.0 u^.O ml; 

pai^latin, 0.05 mg/ml; 45 
prednisone, 0.6 mg/ml; 
rettncHc acid, 0.04 mg/3.0 ml; 
somatostatin, 5.0 ug/3,0 ml; 
streptozodn, 1.0 mg/3.0 ml; 
tamoxifen, 0.003 mg/3.0 mi; 
taxol, 0.06 mg/3.0 ml; 
tfaio-TEPA, 0.025 mgAnl; 
VBL, 0.03 mg/ml; and 

VCR, 0.01 m^mL 55 

4. The m^hod of daim 2 wherein each drug sanople 
indudes at least one of the following drugs at the following 
aliquot ammints, and wherein each drug contained within 
eadi drag sanq)le is diluted by a i^iaratiaceatical diluent 
propoEitionally to a viaUe cancer cell concentration of about ^ 
IxlO* cdls/ml: 

tlFNa-2a, 30,000 u/inl; 
dL-2, 10 u/ml; 

iIFNot-2b, 1,000 neiitralizing unitsAnl; 
nHuIFNo, IxlO' u/ml; 
nHulFNp, 1x10^ u/ml; 
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nHuIFNji, 5x10^ u/rai; 
rlFN^lb, lxl(P u/ml; 
rlFNt-lb, 0.01 Mg/ml; 
TNF, 1.2x10^ u/ml; 
GM-CSF, 6Z5 u/ml; and 
G-CSF, 200 u/ml. 

5. The method of daim 1 wherein the control sample is a 
negative control sample, and wherein step (b) further com- 
prises the steps of: 

(i) preparing a positive control sample containing the 
cancQ- cell suspension and a toxin; then 

(ii) incubating the positive control sample; then 

(iii) determining the cancer ceU viability in the positive 
control sample and determining the white cell content 
of the positive control sample and adjusting the deter- 
mined cancer cell viability of the positive control 
sample to compensate for the white cell content 
thereof; and then 

(iv) comparing the adjusted caocer cell viability of the 
positive control san:^le with the adjusted cancer cell 
viability of the negative control sample. 

6. A method for treating non-leukemic cancers in hamans 
comprising: 

(a) preparing a cancer cell suspension from a human 
non-leukemic cancer patients cancer specimen; then 

(b) calculating the viable cancer cell count within the 
cancer cell suspension; then 

(c) adjusting the volume of the cancer cell suspension to 
obtain a base cell concentration by diluting the cancer 
ceU suspension with patient medium in proportion with 
tiie viable cancer ceil count; ttien 

(d) preparing a negative control sample from the cancer 
cell suspension; and 

(e) preparing drug samples, each drug san^le containing 
a mixture of cancer cdl suspension, patient medium, 
and a dmg selected from several putative cancer cell 
growth-inhibiting drugs, whcrdn each drug sanq)le 
contains a different drug which is added to the drug 
sample in an aliquot amount proportional to the base 
cell concentration; then 

(f) incubating the drug sanities and negative control 
sanE^le; then 

(g) staioing the drug samples and negative control sanq)le 
with a DNA intercalating dye; then 

(h) detenmning the cancer cdl viability in the dmg 
samples and negative control sample by use of a flow 
cytcmieter and detenmning tiie white ceE content cf fiie 
cancer cell suspension and adjusting the d^emxined 
cancer cell viability of each drug san9>le and ttie 
control samfde to concqiensate for the white cell content 
of eadi. whcrd>y an adjusted cancer odl viability of 
eadi drug sanq>le and £e control san^e is obtained; 
andtiien 

(i) conqMdng the adjusted cancer cell viability in the dmg 
samples and negative control satx^ile to determine fiie 
pharmacosensitivity of the cancer cells; and flien 

0) preparing a dmg treatment r^imencontaming neor 
more selected drugs diosen finom &e several cancer ceU 
growth-inhibiting drugs, the selected drugs oosrespond- 
ing to the drug samjdes having the lowest adjusted 
cancer cell viability; and then 

(k) administering tiie drag treatment regtmen to tiie 
human non-leukemic cancer patient in an amount 
which is effective to inhibit the grcrwth of the cancer. 
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7. The method of claim 6 wherein step (d) further com- 
prises 

(i) preparing a positive control san^le from the cancer 
cell suspension; then 

(ii) incubating the positive control sample; then 

(iii) staining the positive control sample with a DNA 
intercalatlDg dye; and then 

(iv.) determining the cancer cell viability in the positive 
control sample by use of a flow cytometer and deter- 
mining the white cell content of the positive control 
sample and adjusting the determined cancer ceU viabil- 
ity of the positive control sample to corr^)aasate for the 
white cell content thereof. 

8. ITie method of claim 6 wherein io step (a) the cancer 
specimen is taken from a non-leukeraic metastatic tumor in 
a human cancer patient suffering from a non-leukemic 
primary tumor and a non-leukemic metastatic tumor. 
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9. The method of claim 8 wherein the drug treatment 
regimen is administ^ed locoregionally. 

10. The method of claim 1 wherein in step (a) the cancer 
specimen is taken from a non-leukemic metastatic tumor in 

5 a human cancer patient suffering from a non-leukemic 
primary tumor and a non-leukemic metastatic tumor. 

11. The method of claim 1 wherein tbe metastatic tumor 
is a metastatic tumor of the liver, and further \^1ierein the 
drug treatment regimen is administered locoregionally via 

JO the hepatic artery, 

12. The method of claim 1 wherein in step (i) the drug 
treatment regimen is administered locoregionally. 

13. The method of claim 1 wherein in step (i) at legist ontt 
biological response modifier is administered, 

J 5 14. The method of claim 1 wherein in step (i) an alpha 
interferon and a hormone arc administered. 

+ * * .1: 
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ABSTKACI 



I he small particle liposome or lipiti ct)rnpiex aerosol com- 
pounds and melhods of Ircalmcnl (tT Iho present invcniion 
involve lipid- or water soluble ant i -cancer drugs incorptv 
rated into liposomes oi other lipid complexes. Hie lipo- 
."sonies and comple.\es are adniinisterecl in aqi!eoiLS tlisper- 
sioas from a jet nebuli/cr to the respiratory Era el c>f an 
individual. Various anti-cancer dings may he used, including 
20-S-Camptotheein, 9-Nitro-caniplolhecin, 9-Amino- 
camptothecin, JO, 11-mcthylcncdioxy-camptotheein and 
laxol or ils derivatives. Adminislration of these drugs hy 
inhalation provides faster and more eillcienl ab.stirption of 
the antieanccr drug than does intramuscular administration 
or oral administration. 

4 Claims, 6 Dniwin^ Sheets 
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SMA[.L PARTICLE LIPOSOME AEROSOLS lion involve lipid-soliiblc or waler-soliiWc ;inli-cantxr dnigs 

FOR DELIVERY OF ANTI-CANCER DRUGS incorporalccl iolo liposomes or olber lipid complexes. These 

BACKGROUND OF THE INVENTION dmg-carrying lipids then are adminis.ercd io aqueous dis- 

persions from a jel nebulizer. Joe present iDvcnijon clem- 
J . Field of Ihe Invention ^ onstrates that speetlier and more efficient systemic absorp- 
Tbe present invention- relates generally to the field of lion of drug is actualized after pulmonary administration hy 
pharmacology and cancer treatment. Specifically, Ihc aerosol than is actualized by intramuscular or oral admin- 
present invention provides formulations and methods for istration. 

small particle aerosol delivery by inhalation of aqueous One ol^jjcct of the present invention is lo provide a method 

disix;rsions of liposomes carrying anti-cancer drugs «> ihc ^-^^^ treating cancer, comprising the step of delivering, via 

respiratory iract, small particle aerosol, aqueous disjx;rsioas of anti-cancer 

2. Description of the Kelalcd An ^iruos to the respiratory irj»cl of an in<livi(lual in need ol'such 

. Small particle hposomc aerosol treatment consists of ircalmcnt. Uxamples of anticimcer drugs available for use in 

lipid-solulile or walcr-soluble anti-cancer drugs incorjK)- this embodiment of ihc invention include, but are noilimital 

rated into liposc.mes, which arc administered from aqueous ^^^^ 20-S-camptoihccin, 9-nitro-campIuihcciu. '>-amii)..-- 

disix^rsions m a jel ncbuhyx^r (.see U.S. Pat. No. 5,049,388). • ca,^pio,|Kcin, 10, 1 1 -mclhylencclioxy-camplothecin, laxoL 

Aero.sols oi 1-3 //m ma^s median aerodynamic diameter, mitotanc, methotrexate, mercaplopurine. 

generated upon Debuli/.ition, enable targeted delivery onto interferon, .5-lluorouracil and etopiside. In a more 

surlaccs or the respiratory tract. Ihe deposited hposomcs i , i- . *- .u- i - . .i • i 

. .1 1 J 1 11 »L 1 • . .u preterred embodunent of this ol'>iecl, the anti-c:anccr druii IS 

subsequently release drua locally within the luna or into the ^ , , , . „ . ^. 

, - I 1 . / . , ,1- selected Irom the uroup con.sis m» o 20-S-c:amplo hecin. 

blood circulation with delivery to extra-pulmonary tissue. If 20 , . • » • , • 

the drug is lipid soluble, it will associate with the lipid 9-nitro-camptothccin, 9-amino- camptothec.n, 10, 

molecules in a manner specific to the lipid employed, the ll-meihylenedioxy~camptolhecin and laxol. Additionally, m 

anti-cancer drug employed and possibly it may be modified a preferred embodiment of the present objective, the deliv- 

furtber by various soluble constituents which may be ery of the anticancer dnig is performed by a jot nebulizer, 

included in the suspending aqueoas medium. Such soluble o.s another object of the present invention, there is pro- 

constiluenLs may include buflering salts and possibly inosi- vided a Upid complex or liposome for delivery of anticancer 

tol to enhance the synthesis and secretion of surfactant drugs via small particle aerosols comprising an anticancer 

phospholipid in lung tis.sue and to minimize respiratory clnig and a lipid, wherein the antiainccr drug is at a 

distress already present or that which might result Irom the concentration not exceeding about 10% of the total v(»lume 

aerosol treatment (Hallman, M., et aL Inositol Supplemen- ^ of the preparation and a ratio of the anticancer drug to the 

tation in Premature Infants with Respiratory Distress ' suitable solvent is in the range of about 1:1 to about 1:200, 

Syndrome, N. Eng. J. Med. 1992 326:1233-1239). preferably in a range of about 1:10 to about J :100, and most 

If the drug is water soluble, it may be incorporated by preferably in a range of about 1 :10 to about 1:50 (wt:wl) of 

appropriate procedures in aqueous vesicles that exist in preparation. One specific embodiment of this object 

concentric spaces between lipid bilayers (lamellae) of the -^^^^^^^ 9-nitro-camplothecin and dilauroylphosphalidyl- 

multilameUarhposome.UmlameUarhposomes maybe pre- ' ^^^^^ ^ ^^^-^ ^^out 1:10 to 1:50 wt:wl; with a 

pared; however, their capacity to entrap either hpid-s^^^^^ particularly preferred embodimem having a 9.nitro- 

or water-soluble drugs . is diminished since entrapment is . • j j i i u l . j i l i- r u 

restricted lo one central vesicle. Additionally, lipid com- ^ampto hecin and dilauroylphosphahdylchohne of about 

plexes of various sizes can be used. ^/^^ "^'Z ^° embodiment, there is provided a 

NebuUzatioD shears liposomes and other lipid complexes ^0 l^Po^ome for dehvery of anticancer drugs v,a small particle 

to sizes readily discharged from the nozzle of the nebulizer. aerosols comprising T^ol and dilauroylphosphatidylcholine 

Liposomes and other lipid complexes up to several microns ^ ^^'^^^ 

in diameter are typically sheared to diameters of less than V^* another embodiment of the present invention, there 
500 nm, and may be considerably smaller than that depend- ^ provided a liposome produced by Ihe following steps: 
ing on the operating characteristics of the nebulizer and 45 dissolving a lipid-soluble anticancer dmg in a solvent suit- 
other variables. Shearing of water-soluble dmgs contained able for dissolving the anticancer drug to produce dissolved 
in liposomes or complexes will release appreciable amounts anticancer drug; adding the dissolved anticancer drug to a 
of the water soluble compound, perhaps 50 percent. This is dissolved lipid suitable for formulation and deUvery of drugs 
not a contraindication to their use, but it means that two aerosol to produce a solution, wherein the dissolved 
forms of the drug preparation is administered, and the effect 50 anticancer drug is at a concentration not exceeding about 
includes the therapeutic effect that would be produced by ^^^^^ volume of the solution and a ratio of the 
both forms if either form had been given alone. Many other anticancer drug to the lipid is in the range of about 1:1 to 
details of Uposomc aerosol treatment are described in U.S. about 1:200, preferably in a range of about 1:10 to about 
Pat. No. 5,049,388. Moreover, it is also possible to incor- l-l^* and most preferably in a range of about 1:10 to about 
porate more than one drug in a aerosol liposome treatment, 55 1:50 (wt:wt) of the solution; and freezing and lyophiUzing 
either by mixing different dnigKX)ntaining liposomes, or by ^^e solution. Al this point, the sohition may be stored frozen 
using liposomes wherein the drugs have been combined and for later use or dissolved in sterile water for use, producing 
incorporated togpther into liposomes. ^ suspension, wherein the concentration of the anticancer 
The prior art is deficient in formulations and methods for ^'^"g ^ ^^^'^^ ^^^^ suspension is no more than 
small particle aerosol delivery of aqueous dispersions of ^ about 5.0 mg/ml. 

liposomes or lipid complexes containing anti-cancer drugs. ^ preferred embodiment of the above object provides 

The present invention fulfills this long-standing need and liposomal preparations of 20-S-camptothecin (CPT), 

desire in the art. 9-nitrocamptothecin (9-NC) and other lipid soluble camp- 

tothedn derivatives, produced by the following steps: pre- 
SUMMARY OF THE INVENTION p^nng concentrated stock solutions of said 20-S- 
The small particle liposome or lipid complex aerosol camptothedn (CPT), 9-nitrocamptotbecin (9-NQ or other- 
compounds and methods of treatment of the present inven- lipid soluble camptothecin derivatives and lipids in 
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ctmipalible sc>lvcnts; adding appmprialc voinmcs of Ihc dcscriplion of ihc prcscnlly prefcrral embodiments of Ihc 

20-S-camplothecin (CPT), 9-nitrocaiiiplolhecin (9-NC) or invention. J>iese embodiments arc given for the purpose of 

01 her- lipid soluble cam plot hecin derivative and lipid con- disclosure, 
centrated stock solutions to a volume of t -but a no! to form a 

second solution, wherein a concentration of said 20-S- 5 BRIEF DIZSCRIPTION 01* Tlin DRAWINGS 

camptot hecin (CFI'), 9-nitrocamptot hecin (9-NC) and other , , . • . . - . ... 

lipid soluble camplolhccin derivatives docs not exceed 10% ^^^^ appended drawings hnve l>ecn included herein .*;o that 

of said second solution and wherein a ratio of drug to lipid above-recited features, advaniagcs and ohjccts ot the 

is in the range of a!x>ul 1 : 1 to about 1:200, preferably in a invention will become clear and tan be understood in tietail. 

range of alwut 1:10 to about 1:100, and mo.st preferably in ^ Vhese drawings form a part of tho .^pccilkation. It is to bo 

a range of alx^ut 1: 10 to about 1:50 (wtiwt) in said second ''^ noted, however, that llic appended drawings illustrale piv- 

soliilion; freezing said second solution; and lyopbili/ingsaicl ferred emb(Klimcnts of the invculmn and should uoi l ie 

second solution to produce a powder preparation. At this considered to limit the scope of Ih*^ invention, 

point, the powder preparation may be stored iVo/en for latci pic; i- ^hows (he elVcci of irc^ilnicnl with '•^NC'-DU'C 

use or dissolved in sterile water producing a susjKn.sion. _ |ip<^somc aertvsol on .xcni^o rafted human bre;tsi cancer m 

wherein a concentration ol said anticancer drug in said ^^^^ ^^j^.^ 

suspension ls no more than about 5 mg/ml. .-w, ^ . . rt- ^ . • . 

. ... u I- . -1 1- I'ICi. 2: shows the ellccl of nirlhcr Ireatmeni with *)-N( - 

A more particular cmbodiineni provides liposomes pro- .-w, < 

duced by the following steps: preparing a concentrated stock ^^^ ^ ^ '^^'^^^ '^'^'^ '^^'"^ * ' 

solutions of anticancer drug, for example JOO mg CV\ in 1 ^^^^ws Ihe cllect of treatment with 9-N(M)LPC' 

ml 1-butanol or too mg 9-NC in DMvSO, preparing a stock 20 liposome aerosol on xenografled human colon cancer 

solution of lipid, for example, lOCf mg DL.PC in 3 ml (vSquires) in nude mice. 

butanol; adding appropriate volumes of said concentrated fjg. 4: shows the effect of treatment with 9-NC-DLPC by 

stock solutions to a volume of t-butanol to form a second liposome aerosol or by oral administration on the growth of 

solution wherein a final volume is about 10 ml, a volume of human lung cancer xenografts (Spark) in nude mice as 

DMSO, if any, does not exceed 10% (vokvol) of said llnal 35 measured by tumor volume. 

volume, a concentration of anticancer drug does not exceed _ , , . , ^, 

1 0% (wt:wt) of the total volume, and wherein a ratio of drut> ^' ^hows the output ol Faxol-L^l .F( liposomes ( I :.'^f ): 

to lipid is in a range of about 1:1 to about 1:200, preferably ' "^^'^'^ ^^'^^ Acrotech 11 ncbuh/er. 

in a range of about 1:10 to about 1: 100, and most preferably I'^^-J- ^ shows the recovery of taxol from the preparation 

in a range of about 1:10 to about l:50(wt:wt); Creezing said described in FIG. 5; taxol-DLPC dosiige at 15 bpm, 500 ml 
second solution; and lyopbilizing said frozen solution to 

produce a powder preparation. Tthe powder preparation may nFTAif fh nF^riitP'nnM of thf 

then be stored frozen for later use or dissolved in sterile INvSSn 
water producing a suspension. Generally, the concentration 

of the anticancer drug in the suspension is no more than 35 The following definitions are provided. Terms not spe- 

about 5 mg./ml. cifically defined are meant to interpreted as is customary in 

Another preferred embodiment of the object above pro- the art, 

vides a liposome produced by the following steps: mixing As used herein, the term "aerosols" refers to di.spersions 

taxol with synthetic alpha lecithin: dilauroylphosphatidyl- in air of solid or liquid particles, of fine enough particle size 

choline; dissolving the laxoI-DLPC in t-butanoI to produce 40 and consequent low settling velocities to have relative 

a preparation; and freezing and lyopbilizing the preparation. airborne stability (See Knight, V., Viral and Mycoplasmal 

Liposomes are produced by adding sterile, pure water at a Infections of the Respiratory Tract. 1973, Lea and Febigcr, 

temperature above 25** C, wherein the final concentration of Phila. Pa,, pp. 2). "Liposome aerosols" consist of aqueous 

taxol to dilauroylphosphatidylcholine is about 1:1 to about droplets within which are dispersed one or more particles of 

1:200, preferably in a range of about 1:10 to about 1:100, 45 liposomes or liposomes containing one or more medications 

and most preferably in a range of about 1:25 to about 1:40 intended for delivery to the respiratory tract of man or 

(wt:wt). In addition lo alpha lecithin, other natural or syo- animals (Knight, V. and Waldrep, J. C Liposome Aerosol for 

thetic lecithins may be used, including but not limited to egg Delivery of Asthma Medications; sec also In Kay, B., 

yolk phosphatidylcholine, hydrogenated soybean Allergy and Allergic Diseases, 1997, Blackwell 

phosphatidylcholine, dimyristophosphatidylcholine, 50 Publications, Oxford, England, Vol. I pp. 730-741). The size 

diolyeolyl-dipalmitoyleolylphosphatidylcholine and of the aerosol droplets defined for this application are those 

dipalmitoyl phosphatidylcholine. described in U.S. Pal. No. 5,049,338, namely mass median 

The efficiency of incorporation of 9-NC and other camp- aerodynamic diameter (MMAD) of 1-3 /im with a geometric 

tothecin derivatives and anticancer drug? into liposomes can standard deviation of about 1.8-2.2. However, with low 

be tested by layering an aqueous dispersion of lyophilized 55 concentrations of 9-NC and possibly other camptothecin 

drug-liposome preparation over a Pencoll™ gradient and derivatives, the MMAD may b& less than 1 /an, such as 0.8 

centrifuging. Unincorporated drug collects at the bottom of Based on the studies disclosed by the present invention, 

the tube, but drug incorporated into liposomes collects at the the liposomes may constitute substantially all of the volume 

interface between the Percoll gradient and the water phase. of the droplet when it has equilibrated to ambient relative 

One qualitative test of incorporation efficiency is the obscr- go humidity. 

vation of drug crystals when the dispersion of drug- As used herein, the "Weibel Lung Model" refers to a 

liposomes are examined by microscopy under polarized classification of the structure of the human lungs that 

light. Other methods are also available, for example, ana- recognizes 23 consecutive branchings of the airways of 

lytical HPLC methods can be used to quantitatively assess humans. The trachea is labeled 0, bronchi and bronchioles 

non-encapsulated, crystalized drug. es extend through branches 16. These portions of the airways 

Other and further aspects, features, and advantages of the contain ciliated epithelium and mucus glands. Together they 

present invention wiU be apparent from the following constitute the mucociliary blanket. Branchings 17-23 com- 
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pose the alveolar portion of Ihc lung and do not have a camplothccin and 10, I l-mclhylcncdioxy-(.:amplothecin in 

mucociliary blanket. Thus, particles deposited here are not J 00% DMSO to produce dissolved anticancer drug; and 

carried up the airway to be swallowed. adding said dissolved anticancer drug to dilauroylphospbati- 

As used herein, the terms ^'20-S-camptotheciD" or "CFT' clylcholine dissolved in t-butanol to produce a solution, 
refers to a plant alkaloid with anti-cancer properties. 5 wherein the di.s.solved anticancer drug is at a concentration 

, . . ^ . .1 • no! exceeding about 5% of the total volume of the solution 

As used herein, the terms 9-ni ro^'amplolhecin or ^^^-^^^^ anticancer drug to dilauroylpbasphatidyl- 

"9-NC , "9-amiGD-camplothecin- or 9-AC; and ^ 10, 11 ^hoUnc is about 1:50 in the solution, llie solution Ls frozen 

-mcthylencdioxy-caraptolhecin or "MDC refer to active lyophilized overnight. For use, the lvf>philized solution 

anti-cancer drugs derived Irom 20-SK.:amplothccin that arc -^^ suspended in appropriate volumes of sterile, distilled 

insoluble in water but am soluble in certain lipid solvents. . water. In addition, other methods of liposi»mc preparalion 

As used herein, the terms "dilauroylphosphatidylcholinc"' known in the art may be utilized, for example, rotary 

or "1)1 >FC is a lipid used to formulate liposomes. evaporation can be used in.slcad of !yophili/aIi{>u. 

Mie present invention is directed to a method for treating ^-NC^-DIPC aerosol is prepared by first dissolving ihc 

cancer, comprising the step of delivering, via small particle ^'i^'g DMSO; to do so, heating \o C. m:iy K 

aerosol, aqueous dispersions of anti-cancer drugs to the ft^quir^t*- 'Hiis solution is added to a larger volume of 

respiratory tract of an individual in need ol such treatment. l-*>utanol, such that the DMSO solution does not exceed 

In a preferred embodiment of this object, the anti-cancer t^^"^ '"'^'^ l-butanol and DMSO volume combined, 

drug is selected from the group consisting of 20-S- j he organic solvents DMSO and t-Initanol are evaporated 

camptothecin, 9-nitro-camptothecin, 9-amino-camptothecin ^^^"^ ^« ^" hqtiid nitrogen resulting m a s ight y 

itrt .1 .1. 1 1- . • A ij-.- 11 - yellow powder, hor use, disliued Sterile water's added to the 

and 10, 11 -methylencdioxy-camptothcan. Additionally, m a • , . • • .u i < *u ■ . « 

, , - ^ , • • . , vials con t amine the dru" at the appropriate concentration 

pntterred embodimem of the present objective, the dehvery ^^^^^ ^.^^^^--^ ^j^^ nebulizer. Ihe Aerotech 

of the anticancer drug is performed by a jet nebulizer. „tm nebulizer CIS-USA Inc., Bedford Mass. is currently 

Additionally, there is a liposome for delivery of anticancer employed, but other nebulizers with similar aerosol- 
drugs via sraaU particle aerosols comprising an anticancer generating properties may be used. 

drug and a lipid, wherein the anticancer dmg is at a a particular embodiment of the present invention is 

concentration not exceecb'ng alx)ut 10% of the total volume directed to a liposome produced by tlie folk)wing .steps: 

of the preparation and a ratio of the anticancer drug to the mixing taxol with synthetic alpha lecithin: dilauroylphos- 

suitable solvent is in the range of about 1:1 to about 1:200, phatidylcholine; dissolving the taxol-DLPC in i-butanol to 

preferably in a range of about 1:10 to about 1:100, and most produce a solution; and freezing and lyophilizing the .solu- 

preferably in a range of about 1:10 to about 1:50 (wl:wl) of tion. Liposomes are produced by adding sterile, pure water 

the preparation. One specific embodiment of this object at a temperature above 25** C, wherein the liiial concent ra- 

includes 9-nitro-caniptothecin and dilauroylphosphatidyl- tion of taxol to dilauroylphosphatidylcholine is about 1 :1 to 

choline in a ratio of about 1:10 to 1:50 wt:wt; with a about 1:200, preferably in a range of about 1:10 to about 
particularly preferred embodiment having a 9-nitro- 35 1:100, and more preferably in a range of about 1:25 to about 

camptothecin and dilauroylphosphatidylcholine of about 1:40 (wt:wt). 

1:50 wt:wt. It is contemplated specifically that the pharmaceutical 

Taxol is another anti-cancer drug that is lipid soluble and compositions of the present invention be used for aerosol 

is incorporated easily into a liposome forinulation. The delivery of aqueous dispersions of liposomes carrying anti- 
optimal ratio for taxol and dilauroylphosphatidylcholine is a 40 cancer drugs to the respiratory tract. A person having ordi- 

ralio of about 1:1 to about 1:200, preferably in a range of nary skill in this art would readily be able to determine, 

about 1:10 to about 1:100, and more preferably in a range of without undue experimentation, the appropriate dosages of 

about 1:25 to about 1:40 (wt:wt). A most preferred embodi- these aerosol formulations. When used in vivo for therapy, 

ment provides a taxol to DLPC ratio of about 1:30. Taxol is the aerosol formulations of the present invention are admio- 
directly dissolved in t-butanol without use of DMSO as is 45 istered to the patient in therapeutically effective amounts; 

used for some camptothedns. The Taxol liposomal prepa- i.e., amounts that eliminate or reduce the tumor burden. As 

ration is otherwise similar to that of the camptothecios. with all pharmaceuticals, the dose and dosage regimen will 

Further, the present invention is directed to liposomes for depend upon the nature of the cancer (primary or 

delivery of anticancer drugs via small particle aerosols metastatic),thecharacteristicsof the particular drug (e.g., its 
produced by the following steps: dissolving a lipid-soluble 50 therapeutic index), the patient, the patient's history and other 

anticancer drug in a solvent suitable for dissolving the factors. The amount of aerosol formulation administered 

anticancer drug to produce dissolved anticancer drug; add- will typically be in the range of about 8 fig/kg of patient 

ing the dissolved anticancer drug to a dissolved lipid suitable weight/day to about 100 ^g/kg of patient weight/day for 

for formuiatLOn and delivery of drugs by aerosol to produce 9-NC. Again, dose and dosage regimen will vary depending 
a solution, wherein the dissolved anticancer drug is at a 55 on a number of factors known to those skilled in the art. See 

concentration not exceeding about 10% of the total volume Remington's Pharmaceutical Science, 17lh Ed. (1990) Mark 

of the solution and a ratio of the anticancer drug to the Publishing Co., Easton, Pa.; and Goodman and Oilman's: 

suitable solvent is in the range of about 1:1 to about 1:200 The Pharmacological Basis of Tfierapeutics 8th Ed (1990) 

of the solution; and freezing and lyophilizing the solution. At Pergamon Press. 

this point, the solution may be stored frozen for later use or 60 The small particle liposome aerosol compounds and 

dissolved in sterile water to produce a suspension, wherein methods of treatment of the present invention involve lipid- 

the concentration of the anticancer drug in the sterile water or water-soluble anti-canoer drugs incorporated into lipo- 

in the suspension is no more than about 5.0 mg/ml. A somes. The liposomes are administered in aqueous disper- 

particular embodiment of the present invention provides a sions from a jet nebidizer. Various anti-cancer drugs may be 
liposome produced by the following steps: dissolving a 65 used, including 20-S-camptothecin, 9-mtro-camptothecin, 

iipid-soluble anticancer dmg selected &om the group of 9 -amino -camptothecin, 10, 11 -methylenedioxy- 

20-S-camptothecin, 9-nitro-camptothecin, 9-amino- camptothecin and taxol. 
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'\hc following lixamplas are given for Ihc puqiose of 
illustrating various embodiments of the invention and arc 
not meant to limit the present invention in any fashion: 

EXAMPLE 1 
Anti-cancer drugs CPT and its 9-NC derivative 

Representative of the anti-cancer drugs of the present 
invention arc 2()-S-camptothecin and its 9-NC derivative. 
Other campiothecins such as 9-AC and 1.0, 11-MDC, as well 
as other anticancer formulations known in the art, also 
possess properties suitable for use. All these anti-cancer 
drugs may be used in liposome formulations. 

J able 1 shows a LX)niparison of blood or plasma concen- 
trations of 9-NC' and the lime of peak concentrations fol- 
lowing oral administration to humans, dogs and mice. (I linz, 
M. R, et. al. Pharmacokinetics of Ihc in vivo and in vitro 
conversion of 9-Nitro 2()-(S)-camptothccin to 9-Amino-20- 
(S)-camp(othecin in Humans, Dogs and Mice. Cancer 
Research 1994 54:3096-3100). Single oral doses ranged 



Table 2 describes the nicthtxl of calculating aerosol dos- 
age in the mou.se, and this is the ba.sis for determining 
dosages cited in Table 1. Much of the inhaled drug is 
deposited in the nasopharynx of the mouse because of the 

^ complex nose structure of rodents. Similarly, nasal instilla- 
tion leads to high nasopharyngeal deposition. Material 
deposited here Ls promptly transit )rled !o the esophageal 
orifice and swallowed. About 10-15 percent of the inlialecl 

10 aerosol dose, however, will penetrate to the peripheral lunus. 

In humans with nu>u th breath in«.\, only sinan a mini n Is (tf 
the aerosol particles will deposit in the monlh and virtually 
J- none will deposit in the nasophaiynx. Material depositcti in 
the central airways is returned \o the pharynx by muco- 
ciliary action where it is swallowed. In the case of jirimary 
lung tumors which often occur a I bronchial hifurcaticms. 
drug will deposit on tumor surfaces and be ad.sorbed directly 



from OJ to 1.0 mg/kg for humans and dogs and were 4.J 20 into the tumor mass. Material deposited beyond ihc I.6th 
mg/kg for mice. There may be some differences io pharma- 
cokinetics between CPT and 9-NC, but it is a reasonable 
possibility that the foregoing dilTercnces are predictive of 
the properties of both agents. 



TABLE 1 



CV>n))Kii Lsoo of cdnctnlralioiis in bitxjti or pJas;ni;i 
foltowinij single oral, inlranasal or aerosol dosage 



Wcibel generation, which is beyond the ciliated epithelium, 
will not be moved upward; thus, in tumors within the 
peripheral lung parenchyma, the tlrug will de|X)sit in adja- 
cent areas and be absorbed directly into the tumor ma.ss. In 
addition, a major advantage of the present invention is that 
dmg dcpo.sited beyond the ciliatctl epithelium is pieked up 
by capillaries in the interstitial space and the lymphatics of 
the lungs and will enter the circulation. 



Blood or plasma 
coDcentration 



'lime of maximnDi 
concentration 



Human 



Dog 



Mouse 



Oral dose (Single 
doses) 

0.1 mg/kg- 
(7 oig/dose) 

1.0 mg/kg 
(70 mg/dose) 

1.0 mg/kg 
(10 mg/dose) 

4.1 mg/kg 
(0.124 mg/dose) 
'Intranasal 



4S3 ng/nil 
1247 ng/nil 
19.1 ng/ml 
732 ng/ml 



- 25 h) 



3.4 h 
CT>/2. 
5.3 h 

(T^A = 4.9 ii) 
0.7 h 

(T»/2 - 6.4 h) 

6 miD 
(T'/4 = 10 h) 



30 



35 



40 



Mouse 233 /ig/kg 213 ng/ml 

(7 //g/mouse) 
*[nhaled in liposome 
aerosol (30 min) 

Mouse 16.2|tg/kg 13.9 ng/ml 

(486 ng/mouse) 



end of instillation 



end of 

aerosolizstion 



* Intranasal and aerosol results from Baylor Aerosol Laboratory, the others 
from Hinz, R R. (sec text for reference) 



45 



TABLE 2 



Calculation of deposited doses of 9-NC in different species when administered by aerosol 
NEBULIZER: AeroTech U; 10 Lymin; Measured 1.7% efficiency 
RESERVOIR: 9-Nitiocan^tothecin (9Nq-DLPC liposomes: 100, 500 or 1,000 /ig PNOmL and 1 :50 (w/w) mg DLPC/mL 
Dose Calculation 



Drag Ibtal 

9NCin 9NCin Dose Dmg Weibel Generations: 









Rcsv Aerosol 


Body Wt 


RxUme 






O'g/kg/ 




Resp Sea 


0-16 17-23 


Species 


Drug 


MMAD 


(Mg/mL) (fig/L) 


08) 


(min/day) 


K* 


min) 


day) 


Oig/day) 


(ug/mL)" 


(f/g/mL)"' 


Human [adult] 


9NC 


as 


100 1.8 


70 


15 


0.076 


0.14 


10 


142 


0.68 


1.4 5.8 


Human [adult] 


9NC 


0-8 


100 1.8 


70 


30 


0.076 


0.14 


4.1 


284 


135 


2.7 11.7 


Human [adult] 


9NC 


1.2 


500 8.5 


70 


15 


0.076 


0.64 


9.6 


675 


3.21 


6.5 27.7 
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TABLE 2-conliDued 

Calcttlation of deposited doses of 9-NC in diOercnt species when administered bv aerosol 
NEBUUZER: AcroTech H; 10 Umio; Measured 1.7% efficiency 
RI*SHRVOFK: 9-Nilrocaniptothccia (9NC>DLPC liiwsomcs: 300, 500 or 1,000 //g 9NC/niLand J:50 (w/w| nig 01,1*(Viti1, 
Dose Cnlailfltion 





















total 














9N(:^ in 


9NC in 








Dtwe 








Wcibcl CictKTiiiii^iis: 










Aerosol 


Bodv Wt 


Rx 'Iniie 










Rcsp .SoL-i' 


O-U; 17-2."- 


Species 




MMAI) 






(mill /day* 


K* 


min) 


day) 


(//g/dny) 






11 [I inn n | adult] 




1.2 


>m 


.S.5 


70 




0.()7(. 


0.(>t 


I*).3 


1,35.' 


(i.-M 


13.)) .-5..- 


Mtininn |ndut( | 


fJNC 


1.5 




15.9 


70 


15 


0.070 


1.20 


18.0 


1,259 




I'p.l 5!.f. 


i {tinmn (adutl | 


*>NC 


1.5 




I5.'> 


70 




0.076 


\.?J! 


3(>.t) 


2,5 


t i >' ' 






9Nr 


1.: 


5(K) 


M.5 


M) 


j5 


0. 1(K) 


().N5 


12.N 


38.^ 




•Sf! ~f>.7 


Dog 


9NC 


t.: 


500 


8.5 


M) 




O.J 00 


O.Ci5 




707 


8.52 


1 ? :• 73.4 


Colion Rill 


9Nc: 


1.2 


500 


8.5 


0.075 


.^0 


0.350 


3.98 


.xy.5 


0.71 


29..S 




Cotton Rat 


9NC: 


J.2 


500 




0.075 


{)0 


0..f50 


2. 'AS 


1 78.9 


13.4" 


59. ft 




Cotton Rat 


9NC 


1 .2 


500 


8.5 


O.068 


M) 


0.350 


2.98 


89.5 


6.08 


29.8 




Mouse 


9NC 


0.8 


JOO 


1.8 


0.050 


15 


0.300 


0.54 


8.1 


0.24 


2.7 




Mouse 


9NC 


0.8 


JOO 


1.8 


0.030 


30 


0.300 


0.5.1 


16.1 


0.48 


5.4 




Mouse 


9NC 


i.2 


500 


8.5 


0.030 


15 


0.300 


2.55 


38.3 


1.15 


12.8 




Mouse 


9NC 


1.2 


500 


8.5 


0.03f) 


.^J 


0.300 


2.56 


76.7 


2.30 


25.0 




Mouse 


9NC 


1.2 


500 


8.5 


0.030 


60 


0.300 


2.56 


153.4 


4.60 


51.1 




Mouse 


9NC 


.1.2 


500 


8.5 


0.030 


.120 


0.300 


?.56 


306.7 


9.20 


;102.2 




Mouse 


9NC 


J -5 


1,000 


15.9 


0.030 


15 


0.300 


4.76 


71.4 


2.14 


23.8 




Mouse 


yNC 


1 .5 


j.oon 


15.y 


0.0.^0 


30 


0.300 


4.77 


143.1 


4-29 


47.7 





*K(hiinian/ndiiU): 0.108 L-min/kg x ().7: A.wuming Nose and moulli hrcathing, Mouth-only - '/> 
K(uoltoD rnt): 0.7 L-min/kg x 0.5 
K(mou.sc): J l.-min/Tcg x 0.3 
K(dog. golden;: 0.2 L-ni in/kg x 0.5 

"^'(islimalcd Peak after each treatment: secretion volume = J mUkg 

***Based on data from Pa (ton (3570) and Philadelphia info; Mouth-only breathing in man 



Table 3 shows the tissue distribution of CPT following 15 
minutes of nebulization in DLPC liposome aerosol The 
deposited dose was calcoilated to be 486 ng per mouse. The 
mean concentrations in lungs and liver were similar with 
smaller concenlratioos in the other sites examined. 'Table 4 
shows tissue distributions over a period of one hour follow- 
ing intranasal instillation of 7 /^g per mouse (233 /^g/kg). 
Drug was cleared promptly from the lungs so that by 15 
minutes after stopping nebulization only negligible amounts 
of drug were present in the lungs. Liver, kidney and spleen 
had substantial amounts of drug initially which gradually 
diminished through the one hour of study. Interestingly, 
blood concentrations were the least throughout the study. 
These studies indicate substantial immediate deposition of 
drug in the lungs with rapid clearance to the viscera. The 
amount of drug contributed by absorption from swallowed 
drug is uncertain. 

TABLE 3 

Tissue distribution of CPT following 15 minutes inhalation 
of CPT liposome aerosol 



Animal 



Organ 





CPT (ng/gm) tissue 


Lung 


52.0 


Liver 


44.3 


Spleen 


12.0 


Kidney 


29.3 


Blood 


7.1 


Lung 


48.0 


Liver 


44.3 


Spleen 


16.4 


Kidney 


23.8 


Blood 


8.3 


Lung 


27,0 



TABLE 3-continued 



35 



40 



45 



50 



Tissue distribution of CPT following 15 minutes inhalation 
of CPl^ liposome aerosol 



Animal 


Organ 






Liver 


21.9 




Spleen 


11.4 




Kidney 


18.0 




Blood 


22.6 


4 


lAJng 


77.5 




Liver 


178.0 




Spleen 


25.0 




Kidney 


50.0 




Blood 


17.7 



MEAN (±80) CPT (ng/gm tissue) 

Lung 51.1 t20.7 

Liver 72.1 i: 71.4 

Spleen 162 i: 6.3 

Kidney 29.8 ± 14.3 

Blood 135 r 7.5 



Thz CPT concentration in the liposomal prq>a ration in the nebulizer was 
0.2 ng/ml aerosol was generated with an Acrotcch U nebulizer operating at 
a flow rate of 10 L/min. 

TABLE 4 



60 



65 



Time dependent organ distribution of CPT after intranasal administration 
Time (minutes) 



Organ 



15 30 
ng^gm of tissue 



60 



Lung 
Liver 
Kidney 



1287 * 657 
653 * 418 
542 * 374 



39 £3 
255 ± 101 
190 ±57 



36123 
66 ± 17 
49 ± 33 



7x3 
34 ± 7 
24 X 21 



11 
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'JAI3LE 4-coDtinued 



Time dcpendcol organ distribution of CFT after inlmnasal adminislrnliQn 
Time fminutcs) 



0 15 Mi W) 

Organ ng/gm of tissue 

Spleen }Sl ± ]M 84 ?: .^2 2 J a: 8 7 2: 2 

Bto<Kf 213 X I'> 5-^i2l) Ni:.? 4 ±2 



Kcniarks: 

was rtdminisicrtcl in lipin;oninl t'omiiilnlion prcpriicd with I!)! .IT' wiili 
initial driiii concent ral ion 0,2 mj^/nil. 

^5 //I, (if Kii!<pciision wax tnjitallcd to each aniinal (arottp ol ^ :inini:ils was 
licatctl foi each time point*. 

Table 5 shows (he cHstribulion ol drug in blood and 
viscera lollowing inlramuscular injcciion of CVV. Drug 
clisap]x;arcd very slowly from the site of inlramuscular 
injeclion in the iirst 12 hours, with only very small concen- 
trations detected in the liver and virtually no drug present at 
other sites. Concentrations in the blood were negligible 
throughout the study. The dose administered was the same as 
that given by intranasal instillation. These findings indicate 
a speedier and more efficient sy.stcmic absorption of drug 
after pulmonary administration of drug than by the intra- 
inu.scular route. It is likely that depo.sition in orgaas and 
vascular spaces will increase the opportunity for exposure to 
albumin molecules and degradation to the carboxyl form of 
the drug. 

TABLE 5 



Time dependent organ distribution of CPT after 
intramuscular administration 







Time (minutes) 






0 


30 


60 


3200 


0]gaD 




ng/gm tissue 




Lung 


2*3 


4 1:2 


3 1:3 


4*3 


Liver 


3±1 


87 1:74 


136 1: 107 


326 * 116 


Spleen 


2 t a 


38 1:9 


13 1:5 


5*1 


Kidney 


2±0 


40 1: 14 


26 * 7 


15 * 5 


Blood 


2 X 1 


12 1:5 


8*1 


4*1 


Site of inj. 


6918* 265 


4309 t 3548 


4609 1: 3432 


1544 * 753 



Remarks 

CFT initial stock 5 mg/ml in DMSO was suspended in saline (1.4 /A. 
stock + 48.6 fiL saline) and total 50 fiL of suspension was inj«:ted Lm. In 
each mice. 

Group of 3 animals was treated for each time poiot. 



EXAMPLE 2 

Stability of Liposomes Consisting of DLPC and 9-AC 

Table 6 shows the stability of liposomes with fixed weight 
ratio of 9-NC and DLPC of 1:50 (w/w) but with increasing 
concentrations of constituents from 0.1 mg/ml to 1.0 mg/ml 
of drug. The samples were tested under various conditions 
after vortexing, but before start of nebulization, after nebu- 
lization for 1.5 to 2 minutes (sample taken from the fluid in 
the reservoir of the nebulizer) and from the aerosol that was 
collected in an all-glass impinger (All-Glass Impinger, Ace 
Glass Co., Vineland NJ.). 

TABLE 6 



Liposome particle size and drug crystal formation in preparations of 
9-NC DLPC liposome formulations 



Concentration (mg/ml) Lipasonic p.tilictc Crysl.nLs presence 



9NC DLPC Saoiple size, nni (visual estimation) 



O.J 


5.0 1 


3006 




5 




T}t< 


+ 






?M 




0.2 


iO.O 1 


620.1 










+ 






,SI2 




Ml 




544S 




Ml 




7 IS 
Si(; 


++ 
+ 


I sninple 


\v:iK tcslcd nltcc vortex iiii; 






2 s:Mn])Ic, 


i was tnkcn fmm nchutizct 




5 Iti 2 niimtlt-}; 



;u:rosol!/'.:ili(>rj 
]> ' 

The mosl stable prcpii ration w;m the one with lowc.*;! 
concentration of consliluerits. A few ciysiiils ;ippcyred in I he 
reservoir following nebulizalion. Ncbuli/ation caused a ten- 
fold reduclion in Ihe diameter of the li]Ki.some particles, due 

-0 lo the shear forces associated wilh nebulizalioii. There was 
further reduclion in Ihe diameter of liposome particles 
recovered from the aerosol. This linding is consislenl with 
selection of smaller particles for discharge in aerosol. The 
lack of crystals suggests thai crystals may not nebulize as 

25 readily as liposomes. With larger dosages of liposomes, sixc 
reduclion following nebulizalion (occurred, bul particles 
recovered from acro.sol were nol r(;diiced in sizt: compared 
to parliclcs that had lx;cn cycled in Ihc reservoir ol' ihc 
nebulizer. 

^ EXAMPLE 3 

Kinetics of Lactone Ring Opening 

The anti-tumor activity of several of the camptothecios 
are diminished following dissolution in aqucoas media. This 
is due to a hydrolyzable alpha-hydroxy lactone ring (ring E). 
The change results from acyl cleavage yielding the biologi- 
cally inactive carboxylate form of Ihe molecule. The lactone 
ring form of the drug is sheltered in liposomes (Burke, TO., 
Biodtemistry 1993 32:5352-5364), but the carboxyl form of 

^ the dmg has high affinity for human semm albumin. This 
leads to rapid conversion of lactone to carboxylate in the 
presence of human serum albumin, and thus to loss of 
anti-cancer activity. Deposition vwthin the lungs on alveolar 
surfaces where there is little albumin and/or interaction with 
constituents of the liposomes is clearly a factor in preserving 
the anti-cancer effect of 9-NC. 

EXAMPLE 4 

Effect of 9-NC on Growth of Himian Breast Cancer Explants 
in Mice 

50 FIG. 1 shows growth in the area of subcutaneous breast 
cancer xenografts during treatment with 9-NC-DLPC lipo- 
some aerosol. There were six 9-NC treated and 5 control 
mice. Treatments were given 15 minutes daily, five days per 
week. The dose was 8.1 fig/kg per day. The deposited dose 

55 in the respiratory tract of each mouse was estimated to be 
234 ng per day. The data on tumor size was normalized and 
the divergence of tumor size (% initial tumor growth) in the 
two groups was highly significant by day 17 of treatment 
(P<0.011). After this time, control mice were sacrificed 

60 because of the presence of large necrotic tumor masses. FIG. 
2 shows the course of events with two treated mice which 
were subsequently followed with higher doses of drug^ 
following a period of 16 days without treatment A few days 
following restart of treatment with a five- fold increase in the 

65 dose of 9-NC liposome aerosol, the size of tumois in the 
treated animals diminished rapidly, and were no longer 
visible by the 85th day after start of treatment. 
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EXAMPLE 5 

Eflec! of 9-NC on Hiinaan ColoReclal Cancer Xenografts in 
Nude Mice 

A similar study was performed in nude mice wiih human 
colon carcinoma xenografts and is shown in FIG. 3. There 
were 15 Ireated and 20 control mice. Ten controls received 
empty DLPC liposomes and 10 received no treatment. 
Control animals who received no treatment or DLPC only 
showed a consistent and rapid increase in lumor size until 
they were sacrificed on day 36. The overall rale of lumor 
gmwth was 7 to 11 times greater in control than in 9-NC- 
trcated mice. The treated animals were divided into two 
groups of 10 each. One group received 77 //g/l^g/daily, live 
days per week throughout tlie entire experiment. The other 
received 77 //g/kg per day five days per week until day 35 
when the dose was increased to 153 /<g/kg per day live days 
per week until day 46 when it was increased to 307 /*g/kg on 
the .same schedule until day 6J. There was .slightly le.ss 
increase in lumor size in the group receiving the higher do.se, 
but the differences were not statistically significant, and the 
data are combined in the figure. J 'our mice in the DLPC 
treatment group were sacrificed because of large tumors or 
tumor necrosis before day 61, and six mice in the no 
treatment group were sacrificed for the same reasons before 
day 61. In the treatment group five mice were sacrificed 
because of tumor necrosis or emaciation before day 61 . llie 
emaciated mice were in the high dose group, suggesting 
dnig toxicity. One additional treated mouse was .sacrificed 
I'jecause of rectal prolap.se. Based on these findings of 
reduced rate of tumor growth, day 28, (P<0.007, Student t 
test, 2 tailed) and reduced mortality there is an unequivocal 
therapeutic effect of 9-NC treatment (P<0.002~chi square 
test). 

EXAMPLE 6 

Effect of 9-NC on Human Lung Carcinoma Xenografts in 
Nude Mice 

Additionally, studies were performed on the effect of 
treatment with 9-NC-DLPC via liposome aerosol or via oral 
administration on the growth of human lung cancer 
xenografts (Spark) in nude mice as measured by tumor 
volume. Treatment was iDilialed about two weeks after 
tumor implantation. Control animals showed a rapid 
increase in volume of tumors. Animals who received oral 
dosage with the liposome drug aqueous suspensioa in doses 
of 100^<g/kg/day — more than twice the aerosol dosage — did 
not respond to treatment. See FIG. 4. 

Both aerosol and oral doses were doubled on day 13. The 
increased dosage was followed by decrease in the size of 
tumors treated with aerosol, but there was no decrease in 
size of tumors in mice given oral treatment. Thus, despite the 
fact that half or more of aerosol dosage administered to mice 
is deposited in the nose, head, trachea and upper bronchi and 
is promptly carried by the mucociliary system to the esopha- 
gus where it is swallowed, the fraction of inhaled drug that 
is deposited in the limg is principally responsible for the 
effect on tumor growth. 

Hie most likely explanation of the clear eflSciency of 
aerosol delivery is the rapid entry of the drug to the 
circulation where it is returned to the left heart, and then to 
the aorta and peripheral circulation. Thus, the drug would 
readi the tumors oq "first pass" without having passed 
through the liver, which would remove large amounts of 
dmg firom blood. 

EXAMPLE 7 

Animal Models 

Nude Mice: Swiss immimodeficient nude mice of the 
NIH4 hig^ fertility strain, bred and housed at the Stehlin 
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Institute were used for these experiments (Giovclla, H. C , ct 
al., Complete Growth Inhibition of Human Cancer 
Xenografts in Nude Mice by Treatment with 20-(S)- 
Camptolhecin, Cancer Reseaivh 1991 51:3052-3055). 

5 Human Cancer Xenografts; Human hcterotran.splants 
were established in nude mice. For an implant, approxi- 
mately .50 rag of wet weight of finely minced tumor in 0.5 
ml of Eagles minimum essential medium was injected under 
the skin over the right dorsal chest region. The animals were 

M) .started on treatment with the cxpcrimcnlnl (Inig ;ihoiit 10 
days after implantation of tumors. Tnmors of hrc.isi ciinccr.*^ 
were measured in two dimensions (i.e. area) witti calipcis, 
while colon cancers were measured in three dimensions (i.t;. 
vohnrc) with calipers. 

CXAMPLUS 

Omplothecin Liposome Aerosol iHinnulatit^i and Admin- 
i.stration 

CPT and 9-nitrocamplothecin were provided by Dr. Bcp- 
pino Giovaoella of the Stehlin Institute, Houston, Tex. 
OLPC was obtained from Avanti Polar l>ipids, Pelham, Ala. 
Aerotech II nebulizxrs were obtained from Cis-TJSA, Inc., 
Bedford. Mass. 

For formulation of liposomes, 9-NC (100 mg/ml) or CP T 
(K) mg/ml) was dissolved in l(»0% DMSO, and added to 
DLPC dissolved in tertiary butanol (40° C) so the final 
DMSO concentration did not exceed 5 percent of the total 
volume and the ratio of drug to lipid was 1:50 (w/w). The 
final suspension was clear. If precipitation occurred, it was 
reheated to 50-60** C. The preparation was frozen in liquid 
nitrogen and lyophilized overnight. For use the material was 
dissolved in sterile water to the appropriate drug 
concentration, not exceeding 1.0 mg/ml for either drug. The 
efficiency of incorporation of drug in the liposomes was 

35. examined qualitatively by microscopic examination under 
polarized light. Unincorporated drug was seen as 
bi-refringent crystals. The efiSciency of incorporation was 
examined by centrifugatioo of aqueous suspensions of lipo- 
somes on PercoU™ gradients. One-tenth ml of suspension 

4Q was layered over 2 ml of gradient and centrifuged at 2000 
rpm for 25-30 minutes. Liposomes layer at the water-Percoll 
interface, while unincorporated drug was deposited at the 
bottom of the tube. Many other lipids may be substituted for 
DLPC in the formulation and use of liposomes for delivery 
of drugs by aerosol (Sugarman, S. M., et. al. Lipid- 
complexed campothecin: formulation and initial biodistri- 
bution and aoti-tumor activity studies. Cancer Chemo- 
therapy Pharmacol 1996 37:531-538). 

EXAMPLE 9 

HPLC Analysis 

The Waters (Milford, Mass.) 710B Wisp automatic injec- 
tor and Waters Nova-Pak CIS column at room temperature 
was used to quantitate CPT and 9-NC. The mobile phase was 
30% acetonitrile and 70% of 0.1% glacial acetic acid. CPT 
was detected using the Waters 470 scanning fluorescence 
detector set to an excitation wavelength of 370 nm and an 
emission wavelength of 440 nm. 9-NC was detected using 
the Waters 440 absorbence detector and monitoring at 254 
nm. The data were analyzed with the Waters Millenium 
^ software. 

EXAMPLE 10 
Aerosol Droplet Measurement 
The size of aerosol droplets was measured with the 
65 Andersen ACFM non-viable ambient particle sizing sampler 
(Andersen iDStruments, Inc., Atlanta, Ga.) by methods pre- 
viously descri'bed (Waldtep, J. C. eL dl,,J Aerosol Med 1994 
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7:J35-]45). Mass median aerodynamic diameters and geo- 
metric standard deviations were determined using Kaleida- 
Graph 2.0 (Synergy Software, Reading Pa.). The aerosol 
droplets consisted of an aqueous suspension of liposomes. 
Liposome diameters were measured in aqueous suspension 
with the Model 3300 NICOMP Laser Particle Sizxr 

EXAMPLE I I 

l*reparation and Eflkicncy of Taxol-Ol.P( ' Liposomes For- 
mu lilted by Aerosol Delivery 

^laxol is another anti-cancer drug that is lipid soluble and 
is incoq)oratcd easily into lipo.somal formulation. Taxol is 
dissolved directly in I-bulanol without use ofOMSO .similar 
to the caniplothecins. ITic laxol liposomal prcparati(^n is 
otherwise like that of the camptothccins. 

ITie optimal taxol to DLR? ratio was found to be about 
1 :3(l wtAvt. Formulations compatible with nebulizntion and 
acrcsol delivery formulations were produced at \ mg laxol 
and with 30 m g DLPC per ml. For optimized 'Jaxol-Dl.PC 
liposomes, 5 mg of Taxol was mixed with J 50 mg of 
synthetic alpha-lecilhin: dilauroylphosphatidylcholine 
(DLPC). Working at 37** C, the drug/DLPC was mixed in 20 
mis of tertiary butanol with stirring. After mixing, the 
drug/lipid preparation was pipetted into glass vials, frozen 
rapidly, and lyophilized overnight to remove the t -butanol 
leaving a powder. Multi -lamellar liposomes were produced 
by adding 5 mis of ultra pure water above the DLPC phase 
transition temperature (Tc) at 25" C\ to deliver a linal 
standard drug concentration of 1 rag Taxol: 30 mg DLPC per 
ml. The mixture was incubated for 30 minutes at room 
temperature with intermittent mixing to produce multilamel- 
lar vesicular (MLV) liposomes, Aliquols were removed for 
determination of drug concentration by HPLC. 

FIG. 5 shows the particle size distribution of taxol-DLPC 
liposome aerosol with a MM AD of L4/Ym and a geometric 
standard deviation of 2.0 FIG. 6 shows the recovery of taxol 
from the preparation described in FIG. 5. In the lung model 
(Harvard Respirator) used to measure the output of taxol 
from the nebulizer (Aerolech II), 87.75 liters of aerosol were 
sanipled yielding 3000 /ig of taxol. There was thus an 
aerosol concentration of 34.2 ;Yg/l. From this information. 
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the dose of aerosol de|>o.sitcd in the respiratory trad follow- 
ing inhalation can be calculated. 

Any patents or publications mentioned in this specifica- 
tion are indicative of the levels of tho.se skilled in the art to 
which the invent ion pertains. Further, these patents and 
publications are incorporated by reference herein to the 
same extent as if each individual publication was .spcciH- 
cally and individually indicated to txi incorporated by rcl- 
en^nce. 

One skilled in the art will appreciate readily that the 
present invention is well adaptct.! to carr>' out the objects and 
obtain the ends anti advantages mention at, as well as tho.se 
objects, ends and advantages inherent herein. The present 
examples, along with the oiciIuhIs. procedures, treat men (s, 
moleailes, and .specific compounds described herein are 
presently representative of preferred embodiments, arc 
exemplary, and are not intended as limitations on the scope 
of the invention. Changes therein and other uses will occur 
to those skilled in the art which arc cncom|)as.sed within the 
spirit of the invention as defined by the scope of the claims. 

What is claimed ls: 

1. A method for treating cancer, compri.sing the step of 
delivering, via small particle aero.sol, aqueous dispersions of 
anti-cancer drugs in liposomes lo the respiratory tract of an 
individual in need of such treatment, wherein .said anti- 
cancer drug is selected from the grtmp a>n.si.sting of taxol, 
taxoLA, railotanc, melholrcxate, mercaplopurine, 
lomustioc, interferon, 5-fluorouracil and etopsidc and 
wherein a final concentration of said anticancer drug in said 
liposomes is no greater than 5.0 mg/ml. 

2. The method of claim 1, wherein said delivering step is 
performed by a jet nebulizer. 

3. The method of claim 2, wherein said liposomes are 
sheared to a diameter of less than 500 nm by said jet 
nebulizer. 

4. The method of claim 1, wherein a final concentration of 
said anticancer drug in said liposomes is no greater than LO 
mg/ml. 
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METHODS AND COMPOSITIONS 
COMPRISING DNA DAMAGING AGENTS 
ANDP53 

The present application is a continuation-in-part of 
co-pending U.S. patent application Ser. No. 08/145.826. 
filed Oct. 29. 1993; which is a continuation-ia-part of U.S. 
patent appUcation Ser. No. 07/960,513. filed Oct. 13. 1992; 
which is a continuation-in-part of U.S. Ser. No. 07/665^38. 
filed Mar. 6. 1991 now abandoned; the entire text and tigures 
of which disclosures are incorporated herein by reference 
without disclaimer. 

The government owns rights in the present invention 
pursuant to NIH grants ROl CA 4-5 187 and CA 16672. and 
Training Grants CA 09611 and CA 45225. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to the area of 
novel strategies for the inqprovement of diemother^utic 
intervention. In other aspects, the present invention provides 
novel methods and compositions that combine the potency 
of DNA damaging agents with the combined delivery of a 
tumor suppressor. The combination of DNA damaging fac- 
tors with the heterologous expression of a tumw suppressor 
gene lead to a pronounced synergy over and above the 
actions of the individual components. 

2. Description of Related Art 

Current treatment methods for cancer, including radiation 
therapy, surgery, and chemotherapy, are known to have 
tiiDited effectiveness. Lung cancer alone kills more than 
140,000 people annually in the United States. Recently, 
age-adjusted mortality from lung cancer has surpassed that 
from breast cancer in women. Although implementation of 
smoldttg-reduction programs has decreased the prevalence 
of smoJoBg, lung cancer mortality rates will remain high 
well into the 21st century. Hie rational development of new 
therapies for lung cancer will depend on an understanding of 
the biology of lung cancer at the molecular level. 

It is now well established that a variety of cancers are 
caused, at least in part, by genetic abnormalities that result 
in either the over expression of one or more genes, or the 
exfTOssion of an abnormal cr mutant gene or genes. For 
example, in many cases, the expression of oncogenes is 
known to result in the development of cancer. **Oncogcnes" 
are genetically altered genes whose mutated expression 
product somehow disrt9>ts nonoal cellular function or con- 
trol (Spandidos ct at., 1989). 

Most oncogenes studied to date have been found to be 
"activated** as the result of a mutation, often a point 
mutation, in the coding region of a normal cellular gene. Lc. , 
a "proto-onoogene**. that results in amino add substitutions 
in the expressed protein product This altmd expression 
product exhibits an abnormal biological function that takes 
part in the necfdastic process (IVavali et aL. 1990). The 
underlying mutations can arise by various means, such as by 
diemical mutagenesis or ionizing radiation. A number of 
oncogenes and oncogene families, including ras, myc* neu. 
rat erb. src. fins Jun and abl. have now been identified and 
diaractcmed to varying degrees (lYavaU et aL, 1990; 
Bishop. 1987). 

During normal cell growdi, it is thought that growth- 
promodng proto-oncogcncs are counterbalanced by growth- 
constraining tumor suppress^ genes. Several factors may 
contribute to an imbalance in tfiese two forces, leading to the 
neoplastic state. One such factor is mutations in tumor 
sui^essor genes (Weinberg, 1991). 
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Ad impOTtant tumor suppressor gene is the gene encoding 
the cellular protein. p53. which is a 53 kD nuclear phos- 
phoprotcin that controls cell proliferation. Mutations to the 
p53 gene and allele loss on chromosome 17p, where this 

5 gene is located, are among the most frequent alterations 
identified in human malignancies. The p53 protein is highly 
conserved through evolution and is expressed in most nor- 
mal tissues. WQd-type p53 has been shown to be involved in 
control of the cell cycle (Mercer, 1992). transcriptional 

10 regulaUon (Relds et al.. 1990. and Mietz et al.. 1992). DNA 
replication (Wilcock and Lane. 1991. and Bargonctti ct al. 
1991). and induction of apoptosis (Yonish-Rouach et al., 
1991. and. Shaw et al.. 1992). 
Various mutant p53 alleles arc known in which a single 

* 5 base substitution results in the synthesis of proteins that have 
quite different growth regulatory properties and. ultimately, 
lead to malignancies (Hoilstdn et ai.. 1991). In fact, the p53 
gene has been found to be the most frequently mutated gene 
in common hunaan cancers (Hollstein et al.. 199 1 ; Weinbeig. 

20 1991). and is particularly associated with those cancers 
Unked to cigarette smoke (Hollstein et al.. 1991; Zakut- 
Houri ct al., 1985). The ovcrcxprcssion of p53 in breast 
tumors has also been documented (Casey et al., 1991). 

One of the most challenging aspects of gene ther^y for 
cancer relates to utilization of tumor suppressor genes, such 
as p53. It has been reported that transfeclion of wild-type 
p53 into certain types of breast and lung cancer cells can 
restore growth suppression control in cell lines (Casey et al.. 
1991; Takahasi et al., 1992). Although DNA transfection is 

^ not a viable means for introducing DNA into patients* cells, 
these results serve to demonstrate that supplying wild type 
p53 to cancer cells having a mutated p53 gene may be an 
effective treatment mediod if an inq>roved means for deliv- 
ering the p53 gene could t>e developed. 

Gene delivery systems applicable to gene therapy for 
tumOT suppression are ciurently being investigated and 
developed. Virus-based gene tranter vehicles are of par- 
ticular interest because of the efficiency of viruses in infect- 

^ ing aoual living cells, a process in which the viral genetic 
material itsdf is transferred. Some progress has been made 
ill this regard as, for exan^le. in &e generation of retroviral 
vectors engineered to deliver a variety of genes. However, 
major jH-oblenos are associated widi using retroviral vectors 
for gene ther^y since their infectivity depends oo the 
availability of retroviral receptors on the target cells, they 
are difficiilt to concentrate and purify, and they only inte- 
grate efficiently into replicating cells. 

Itoior cell resistance to chemother^utic dmgs tepit- 

50 sents a major problem in dinical oncology. NSCLC 
accounts for at least 809b of the cases of lung cancer; 
patients with NSCLC are, howevet generally unre^xMisive 
to chemotherapy (Doyle. 1993). One goal of current cancer 
researd) is to find ways to improve the efficacy of gene 

55 replacement therapy for cancer investigating intmction 
between the gene product and chemotherq>cutic drugs. The 
hopes simplex-thymidine kinase (HS-tK) gene, when deliv- 
ered to brain tumors by a retroviral vector system, success- 
fully induced suscq>tibility to the antiviral agent ganciclovir 

^ (Culver, et aL. 1992). The HS-tK gene product is an exog- 
enous viral enzyme, whereas the wt^53 protein is txprcsscA 
in normal tissues, suggesting that the modulation of 
chemoresistance by alterations in wt-p53 expression might 
be an alternative approadi using a pathway mediated by an 

^ endogenous genetic imgram 

An adenovirus system has potential advantages for gene 
delivoy in vivo, such as ease of fHodudng high tita vims. 
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high infection efficiency, and infectivity for many types of 
cells. The stability and duration of expression of the intro- 
duced gene are still controversial, however. The increase in 
p53 levels in cells that are sensitive to chemotherapeutic 
drugs can occur within 6 hours after DNA-damaging stimuli 
(Fritsche, et al.. 1993. Zhan, et al.. 1993). although increased 
p53 DNA binding activity can be reversed over the course of 
4 hours if the stimulus is removed (Tishler, ei al.. 1993). 
Therefore, a high level of p53 expression can be maintained 
even after cessation of drug exposure. The expression of 
wt-p53 protein by Ad-p53 peaks at postinfection day 3 
( t4-fold greater than endogenous wild type) and deaeases 
to a tow level by day 9 (Zhang, et al.. 1993). This suggests 
that a transiently high level of wi-p53 expression is sufBcicnt 
to initiate the cytotoxic program in the cancer cell. 

p53 has an important role as a determinant of chemosen- 
sitivity in human lung cancer cells. A variety of treatment 
protocols, including surgery, chemotherapy, and 
radiotherapy, have been tried for human NSCLC. but the 
long-term survival rate remains unsatisfactory. What is 
needed is a combination therapy that is used alone or as an 
effective adjuvant treatment to prevent local recurrence 
following primary tumor resection cr as a treatment that 
could be given by inlralesional injections in drug-resistanl 
primary, metastatic, or locally recurrent lung cancer. Com- 
positioDS arid methods are also needed to developed, c^^lore 
and improve clinical applicability of novel compositions for 
the treatment of cancer. Furthermore these methods and 
compositions must prove their value in an in vivo setting. 

SUMMARY OF THE INVENTION 

The present invention addresses the need for improved 
tberq>eutic prq>arations for use in killing cells by combining 
the effects of a tumor suppress^ gene or protein and a DNA 
damaging agent or factor. The present invention also pro- 
vides compositions and methods, including those that use 
viral mediated gene transfer, to pronaote expression of a 
wild-type tumor suppressor gene, such as p53, in target cells 
and to deliver an agent or factor that induces DNA damage. 
The inventors surprisingly found that using the composi- 
tions disclosed herein, they were able to induce programmed 
cell death, also known as apoptosis. in a very significant 
ntmiber of target cells. 

Using the present invention the inventors have demon- 
strated a remarkable effect in controlling cell growth and in 
particular, Vamot cell growth. IXimor cell formation and 
growth, also known as 'transformation**, descr9>es the for- 
mation and proliferation of cells that have lost their ability 
to control cellular division, that is, they are caoccrous. It is 
envisioned that a number of different types of transformed 
cells are potential taigcts fot the methods and conqpositions 
of the present invention, such as: sarcomas, melanomas, 
lyn^>homa5. and a wide variety of solid tumors and the like. 
Although any tissue having malignant cell growth may be a 
taiget, lung and breast tissue aie preferred taigets. The 
present inventors disdose herein that a p53-expressing 
recombinant delivery vector was able to markedly reduce 
tiie growth rate of cells when used in conjunction wiA a 
DNA damaging agent 

The invention provides, in certain embodiments, methods 
and con^iositions for killing a cell or cells, such as a 
malignant cell or cells, by contacting or exposing a cell cr 
population of cells with a pS3 protein or gene and ne or 
more DNA damaging agents in a combined amount effective 
to kill the cell(s). Cells that may be killed using the invention 
include. e.g„ undesirable but benign cells, such as benign 
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prostate hypeiplasia cells or over-active thyroid cells; cells 
relating to autoimmune diseases, such as B cells that pro- 
duce antibodies involved in arthritis, lupus, myasthenia 
gravis, squamous metaplasia, dysplasia and the like. 

5 Aldiough generally applicable to killing all undesirable 
cells, the invention has a particular utility in killing malig- 
nant cells. ^'Malignant cells** are defined as cells that have 
lost the ability to control the cell division cycle, as leads to 
a * transformed" or "cancerous** phenotype. 

J (5 To ktli cells, such as malignant ot metastatic cells, using 
the methods and compositions of the present invention, onr. 
would generally cooUct a 'target** ceil with a p53 protein or 
gene and at least one DNA damaging agent in a combined 
ancKJunt effective to kill the cell. This process inay involve 

J 5 contacting the cells with the p53 protein or gene and the. 
DNA damaging agcnt(s) or factoi<s) al the same time. Ttiis 
may be achieved by contacting the cell with a single 
composition or jrfiarmacological formulation that includes 
both agents, or by contacting the cell with two distinct 
compositions or formulations, at the same time, wherein one 
composition includes the p53 protein or gene and the other 
includes the DNA damaging agent. 

Naturally, it is also envisioned that the target cell may be 
first exposed to the DNA damaging agent(s) and then 

25 contacted with a p53 protein or gene, or vice versa. 
However, in embodiments where the DNA damaging factor 
and p53 are applied separately to the cell, one would 
generally ensure that a significant period of time did not 
expire between the time of each delivery, such that die DNA 

3Q damaging agent and p53 would still be able to exert an 
advantageously combined effect on the cell. In such 
instances, it is contemplated that one would contact the cell 
with both agents within about 12-24 hours of each other, and 
mere preferably within about 6-12 hours of each other, with 

35 a delay time of only about 12 hours being most preferred. 
The terms "contacted** and "exposed**, when applied to a 
celL are used herein to describe the process by which a 
tumor suppressor gene or iHX>tdn. such as p53, and a DNA 
damaging agent or factor are delivered to a target cell or arc 

40 placed in direct juxtaposition with the target cell To achieve 
cell killing, both agents are delivered to a cell in a combined 
amount effective to kill die celL Le., to induce progranuned 
cell death apoptosis. The terms, "killing", '*prog;ranuncd 
cell death** and "apoptosis** are used interchangeably in the 

45 present text to describe a series of intracellular events fliat 
lead to taig^ cell death. The process of ceQ death involves 
the activation of intracellidar {^teases and nucleases that 
lead to, for exan^ile, cell nucleus involution and nudear 
DNA fragmentation. An understanding of the precise 

SO mechanisms by which various intracellular molecules Inter- 
act to achieve cell death is not necessary for practidng the 
present invoition. 

DNA damaging agents or factors are d^ed herein as any 
chemical con^>ound cr treatment method that induces DNA 

S3 damage when vtp^iicd to a cdL Such agents and Eadors 
include radiation and waves that induce DNA damage, such 
as, y-iiradiation. X-rays, UV-tnadiation. microwaves, elec- 
tronic emissions, and ffte like. A variety of chemical 
coiiqx)unds. also described as *Vhemothenq[>eutic agents**, 

60 function to induce DNA damage, all of whidi are intended 
to be of use in the combined treatment methods disclosed 
herein. Chemotherapeutic agents oontetq>lated to be of use. 
indude, e.g.. adriamycin. S-fluo^ouradl (5FXJ), etoposide 
(VP-16), canaptothecin, actinomydn-D, nutomydn C, ds- 

65 platin (CDDP), and evai hydrogen peroxide. The invention 
also encoaq>asses the use of a combination of one or more 
DNA damaging agents, \^ether radiation-based or actual 
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coinpouDds. such as the use of X-rays with dsplatio or the Similarly, a ^'therapeutically efifective amount" is an 

use of cisplatin with etoposide. Id certain embodimcDts, the amount of a p53 protein or gene and DNA damaging agent 

use of cisplatin in combination with a p53 protein or gene is that, when administered to an animal in combination, is 

particularly jH-eferred as this compound. efifective to kill cells within the animal. This is particularly 

Any method may also be used to contact a cell with a p53 5 evidenced by the killing of cancer cells, such as lung, breast 
protein, so long as the method results in inaeased levels of or colon cancer cells, within an animal or human subject that 

functional p53 protein within the cell. This includes both the has a tumor. 'Therapeutically effective combinations*' are 

direct delivery of a p53 protein to the cell and the delivery generally combined amounts of p53 and DNA damag- 

of a gene or DNA segment that encodes p53. which gene will j^g agg^s ,^3^ function to kill more cells than either eJeraeni 

direct the expression and produrtion of p53 within the cell. ,p ^^^^ preferably, combined amounts that bring about a 

In that protein delivery is subject to such drawbacks as ^rgislic reduction in tumor burden, 

protein dcgradaUon and low cellular uptake, it is contcm- « . . ... , . 

plated that the use of a recombinant vector that expresses a ^"^'"S certain m v.vo and ex vivo parameters of ceU 

p53 protein wiU provide particular advantages. *«=^^f"''= ^^^^ 

A wide variety of recon^inantplasniids and vectors may „ <'«^^^^''^' composttion and ™eftods of Uic 

. J / . * • J J / *^ invention. For example, observing effects on the inhibition 

be engineered to expresses a p53 protein and so used to ,^ . • . . ™— , 

delive; p53 to a cell. Tl,ese include, for example, the use of 'umongcniaty as measured by TdT expression of frozen 

naked DNA and p53 plasmids to directty^nsfer geneUc tissue sections or by usmg other staii^^ 

^ . , . , 11 /rtr If * 1 ^rtfwx 4: w f antigens, as known to skilled pathologists. Naturally, other 

material mto a cell (Wolfe et al., 1990); formulations of ^ , . ^ . . . ^ .u ^ • t^t-^ 

o J- i^vTA L A • 1- /I Al . , means of detemuning tumor mass, growth, and viabihty 

p53 -encoding DNA trapped m liposomes (Ledley et al., ^ , , j * *u 1 n- * * n / 

Vrto-T^ • * 1- *uT * - 1 1 ^ inay also be used to assess the killing of target cells. In 

1987) or in proteohposomes that contain viral envelope ^. , *u « • - • i 

I 1 inoo^ J e-y j- particular, one may assess the effects m vanous anintal 

receptor proteins (Nicolau et al.. 1983); and p53 -encoding .1 ^ r • u-uu 

f^vtT I j* 1 1 • 1 * • • I model systems of cancer, including those in which human 

DNA coupled to a polylysine-glycoprotein earner complex. . t- j ..u- 1 a - 1 ji 

« ^ .. . . . , cancer cells are localized within the animal. Animal models 

The use of recombmani vinjses engineered to express p53 ^^^^ ^ 

is also envisioned, A variety of vi^ vectors such as 25 predictive of human treatment regimens (Roth et al.. editors 

retroviral vectors herpes simplex vims (U.S. PaL No 5.288, ^ 1939)^ exemplary embodiment of a predictive animal 

641. incorporated herein by reference). c3noinegaloviru ^^^j ^^^^ ^^.^U lung cancer cells 

r,**" .^."^^ ^ employed, as descnbed by Miller ^^353 subcutaneously. Using this system. 

(MiUer, 1992);asinayrecombmama<ten<>asso^ .^^^^t^ ^^^^ that p53-bearing adenovirus 

IT."^^}' '"^^ ^?'t described by U.S. Pat No. 30 instilled intiatumorally. along with the co-admimstration of 

5, 139,94 1 , incorporated herein by reference; and. ^ chemothcrapcutic agent, gives rise to a surprisingly cfifec- 

particulany. recombinant adenoviral vectors. Techmques for tumor reduction 

preparing replication-defective infective viruses are well I , . 

known in the art. as exemplified by Ghosh-Choudhury & A particulariy prcfcmxl method of deUv™^ 

Graham (1987); McGroiy et aL (1988); and Gluzman et al. 35 ^ ^""^^l ^ lecombinanl 

(1982), each incorporated herein by reference. adenovirus vinon or pamdc that includes a recombmant 

" To kill a ceU in accordance with the present invention, one f^^^ '^'^f^'' 'TZ^'"' 

„ _ii CO *• uonedundcr the control of a promoter cffl>able of directing 

would generally contact the cell witii a p53 protcm or gene ^. . ^ a * ^ - 

. J - the expression of p53 in the given cell type, 

and a DNA damagmg agpnt m a combined amount effective ^ ^ 

to kill the cell. The term **in a combined amount effective to 40 cxp-ession region in the veciw may comprise a 

kill the ccr means that the amount of p53 and DNA genomic sequence, but for simplicity, it is contcn^)lated that 

damaging agents axe sufficient so that when combined ^ generally prefer to tmpio^ a p53 cDNA sequence 

within the celL the cell is induced to undago apc^tosis. these arc readily available in Ac art and more easily 

Although not required in all embodimente, the combined manipulated. In addition to comprising a p53 expression unit 

effective amount of p53 and DNA damagbg agent will 45 * promoter region, flie vectOT will also generally com- 

preferaWy be an amount that induces significantly mere ceU * polyadcnylation signal, such as an SV40 caiiy gene, 

death than the use of either element alone, and most or protamine gene, polyadcnylation signal, or the like. 

fneferabAy, the combined effective amount will be an amount In prefcmd embodiments, it is contemplated that one will 

tiiat induces synergistic cell death in comparison to the desire to position the p53 eaqnessioo region under the 

effects observed using either element alone. . so control of a strong constitiitive promoter such as a CMV 

A number of in vitro parameters may be used to detomine promoter, viral ITR, RS V, or SV40 promoter, or a pramoter 

the effect produced by the compositions and methods of the associated with genes that are expressed at high levels in 

present invention. These paiameteis include, for Gcan^ile, mammalian cells such as elongation factor- 1 or actin pro- 

Ihe observation of net cell numbers before and after expo- meters. All such variants are envisioned to be oseful with the 

sure to die coiiq)ositions described herein, as well as the size 55 present invention. Cmrentiy. a particularly preened pro- 

crf multicellular tumor spheroids formed, such as diose meter is the cytomegalovirus (CMV) IB ptomoter. 

colonies formed in tissue culture. In vitro cell killing is The p53 gene or cDNA may be introduced into a recom- 

paiticolaily shown in Example 7 of the present disclosure. binant adenovirus in accordance with the invention sinipiy 

Alternatively, one may measure parameters that are indica- by inserting or adding the p53 coding sequence into a viral 

tive of a ceil that is undergoing progr amm ed cell deotii. such 60 genome. However, the prefored adenovinises will be rep- 

as. the fragmentation of cellular geiKimic DNA into nudeo- lication defective vimses in which a viral gene essential for 

some sise fragments, generally identified by sq>arating the replication and/or packaging has been deleted hom the 

fragments by agarose gel electrc^horesis, staining the DNA. adenoviral vector construct, allowing die p53 expression 

and comparing the DNA to a DNA size ladder. Nucleosome it^oa to be introduced in its place. Any gene, whether 

size fragments are identified as a progressive steps or ladders 6S essential (e.g., ElA, ElB, E2 and E4) or noQ-esseotial (e.g., 

<^ monomers and miiltimcrs having a base unit of about 200 E3) iot replication, may be deleted and replaced with p53. 

basepaixs. Particular^ [sefened are those vectors aixl virions in which 
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the ElA and ElB regions of the adenovirus vector have been into a tumor site is one preferred method. However, other 

deleted and the p53 expression region introduced in the parenteral routes of adniinistration, such as intravenous, 

place, as exemplified by the genome stmcture of FIG. 1. percutaneous, endoscopic, or subcutaneous injection arc 

Techniques for prepariDg replication defective adcnovi- contemplated, 
ruses are well known in the art. as exemplified by Ghosh- * In treating cancer according to the invention one would 
Choudhuiy and Graham (1987); McGroiy ct al. (1988); and contact the tumor cells with a DNA damaging agent in 
Giuzman et al.. each incorporated herein by reference. It is addition to the p53 protein or gene. This may be achieved by 
also weU known that various cell lines may be used to irradiating the localized tumor site with DNA damaging 
propagate recombinant adenoviruses, so long as they radiation such as X-rays. UV-light. y-rays or even micro- 
complement any replication defect which may be present. A waves. Alternatively, the tumor ceUs may be contacted with 
preferred cell line is the human 293 cell Une. but any otha the DNA damaging agent by administering to the animal s 
ceU Une that is permissive for replication, i.e., in the pre- Iher^eutically effective amount of a pharmaceutical com- 
ferred case, which expresses ElA and ElB may be position comprising a DNA damaging compound, sud) as. 
employed. Further, the cells can be propagated either on adriaraycin, 5-fluorouracil, etoposide. camptothccin. 
plastic dishes in suspension culture, in order to obtain ^5 actinomycin-D. mitomycin C. or more preferably, cisplatin. 
virus stocks thereof The DNA damaging agent may be prepared and used as a 

Tl^e invention is not limited to El-lacking virus and combined therapeutic composition, or kit. by combining it 

El-expressing c^lls alone. Indeed, odier complementary with .f^P53 protein, gene or gene deUvcry system, as 

combinations of viruses and host ceUs may be eir^)loyed in aescnbed above. 

connection with the present invention. Virus lacking func- ^ The surprising success ot the present invenuon is evi- 
tional E2 and E2-expressing cells may be used, as may virus denced by tiie finding that using Ad5CMV-p53 vmis id 
lacking functional E4 and E4-expressing cells, and the like. combination with cisplatin yielded profound results m stud- 
Where a gene which is not essential for repUcation is deleted ies using a nude mouse modeL The combined virus-DNA 
and replaced, such as. for example, the E3 gene, this defect damage therapy regimen significanUy inhibited the tumori- 
wiU not need to be specifically conq>lemented by the host genicity of H358 cells, a cell that normally produces a 

significant tumw mass. The tumorigenicity of the lung 

^ ^ *w - . *u < »u- cancer cells was inhibited through the treatment by 

Other than the requirement that the adenovmis vectors t)c . . . ^ ^ i • 
. M * « Ad5CMV-p53. but not by the control vrnis expressmg 

ensuieered to express p53, ttic nature of the initial aoenovi- ,^ v . . - • il- ** 

tu6iuw-it« IV/ ^^^^^.Jyo^,^^, . , , ft., ludfcrase. indicating that the p53 protein m oombinaUon 

lus IS not beheved to be crucial to the sucoessnil practice of ^ . , " , ^ . * . • * *t. *• « 

iu=>i vtvw 30 ^i^ji 3 DNA-damaging agent has great therapeutic efficacy, 

the invention. The adenovirus may be of any of the 42 a i^x u<ueui^ b b . , . 

different known serotypes or subgroups A-F. Adenovirus A number of naclhods for dehvermg chcmotherapeuUc 

type 5 of subgroup C is the prefened starting material in formulations, including DNA expression constructs, mo 

order to obtain the conditional rcpUcation-dcfcctivc adcn- eukaryotic cem are known to tho« of skill m the art. to ^ 

ovirus vector for use in the method of the present invention. of the present disclosure, the stalled artisan will be able to 

This is because Adenovirus type 5 is a human adenovirus deUver both DNA damagmg agents and p53 proteins or 

about which there is significant amount of biochemical and genes to ccUs in many different effective ways, 

genetic information known, and which has historically been For in vivo delivery of DNA, flic inventors envision the 

used for most constructions en^loying adenovirus as a use of any gene delivery system, such as viral- and 

y^ciot 40 liposome-mediatcd transfectlon. As used herein, the term 

The methods and ccmposilions of the present invention '*transfection-, is used to describe the targeted deUvcry of 

arcequallysuitaWefarkimngaceUorcellsbothinvitroand DNA to cukaryotic cells using dchv^ systems, such as. 

in When the ccUs to be killed are located within an adenoviral, AAV, retrovuaL cr plasmid dehvoy gene trans- 

animaL e.g.. lung, breast or colon cancer cells or other cells ^ mettiods. Tlic ^^ty of viral gene dehvery may be 

bearingaS53mltioa,boththcp53proteinorgeneandthe 45 selected to prrferentialty duertto^ 

DNA Laaging agent will be administ«ed to the animal in ceU. such as by usmg vinises that are able to mfectpaiUcular 

a pharmacolo^cSy acceptable fonn. TTie term "a phanna- ceQ types. Natural^, different vual host ranges wjU dictate 

cologicaUy a^^We fon^ as used herein, refers to both the virus chosen for gene tninsfCT, as weU as the likely tuinor 

the form of any composition that may be administered to an suppressor gene to be expressed for kilhng a given malig- 

animaL and also the form of contacting an animal with 50 

radiation, Le., the mannor in which an area of the animals . It is also envisioned fliat one may iwovidc the DNA 

body is irradiated, e.g.. with y-irradiation. X-rays. damaging chcmother^utic agent througli a variety of 

UV-inadiation. miaowaves, electronic emisaons. and the means, such as by using paicnKyal delivery mefliods sudi as 

like. The use of DNA Homiig in g radiation and waves is intravenous and subcutaneous it^ection, and the like. Such 

known to those skilled in the art of icradiation ihtrw. 55 methods are known to those of skiU in the art of drug 

Tlie present invention also |»avides advantageous mcth- deUvoy, and are further described herein in sections 

ods for treating cancer that, generally, comprise administer- regardmg pharmaceutical preparations and tiwdnent 

ing to an animal cr human patient with cancer a thcrqjeu- Fcr in vitro ^ne delivery, a vanety cf methods may be 

tically effective cMnbinatioo erf a p53 protein or gene and a employed, such as, eg., calcium phosphate- or dcxtran 

DNA damaging agent. This may be achieved using a lecom- 60 sutfate-mediated transfection; elcdroporation; gjass projec- 

hiaant virus, particularly an adenovirus, that cairics a vectw tile targeting; and the like. These naethods are known to 

cap^lc of expressing p53 in the ccHs of the tumot The p53 those of skiU in the art. with the exact conqwdtions and 

gene delivering con^Kwition would generaUy be adminis- exccuti n bdng apparent io light of the prwcnl (hsclosiue. 

tercd Co IheanimaL often in ctose contact to die tumor. In the Other embodiments conocro compositions, including 

form of a pharmaoentically acceptable composition. Direct 65 lAannaceutical fommlations, oom|Hising a p53 protdn or 

intralesional injection of a therapeutically effective amount gene in combination with a DNA da m aging agrat. such as 

of a p53 gene, such as housed within a lecomhinant vims, cisplatin. In such con^Kwitions. flie p53 may be in the form 
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a DNA segment, recombinant vector or recombinant virus FIG. 2A. Map used for the structural analysis of 

that is capable of expressing a p53 protein in an animal cell. Ad5CMV-p53 DNA. A naap of Ad5CMV-p53 genomic 

These composilions, including those conpising a rcconi- UNA, with the locations of the p53 expression cassette, the 

binant viral gene delivery system, such as an adenovirus PCR primers, and the restrirtion sites. The genome size is 

particle, may be formulated for in vivo administraion by 5 35.4 kb. divided into 100 maps units ( I nLU.=0.35 fcb). 

dispersion in a pharmacologicaUy acceptable solution or Thep53 expression cassette replaced the El reg^^^ 

buffer. Preferred pharmacologically acceptable solutions !^") ^{ *e Ad5 genonie. Pnmer lis located in the first 

include neutral saline solutions buffered with phosphate. downstream of the human CMV major IE gene 

Inrratp TriQ an/t thp likp promoter. Pnmer 2 is located in SV40 early polyadcnylation 

taaare. ins. ana me ukc. ^.^^^ primers. 15-20 bp away from the p53 

Of course, in using delivery systems, one will desire ^DNA insert at both ends, define a L.40 kb PGR product, 

topurify the virion sufficiently to render it essentially free of Primers 3 and 4 are located at U m.u. and 13.4 m.u. of Ads 

undesirable contaminants, such as defective interfering viral genome, respectively, which define a 0.86 kb viral-genome 

particles or endotoxins and other pyrogens such that it will specific PGR product. 

not cause any untoward reactions in the ceU. aniraal or FIG. IB.Agaixjse gel analysis of PGR products. 'INwo pairs 

individual receiving the vector construct. A (H-efened means 15 ^^^^ ^^f^^^ i 4.^15 ^53) and 0.86-kb (Ad5) DNA 

of puriJying the vector involves the use of buoyant density fragments were used in each reaction. DNA templates used 

gradients, such as cesium chloride gradient centrifugation. reaction were pEG53 plasmid (lane i). Ad5/RSV/ 

Preferred phannaceutical compositions of the invention GL2 DNA (lane 2). no DNA (lane 3 ). and Ad5CMV-p53 

are those that include, within a pharmacologicaily acc^t- DNA (lane 4). The lane labeled (M) corresponds to molecu- 

abie solution or buffer, a p53 protein, or more preferably a ^ |ar weight markers. 

p53 gene, in combination with a chcmotherapcutic DNA piG. 2G. Restriction mapping of Ad5GMV-p53 DNA. 

damaging agent Exen^)lary chemothcrapeutic agents are GsQ-gradient purified Ad5CMV-p53 DNA samples were 

adriamycin. 5-fluorouracii. camptothedn, actinomycin-D. digested with no enzyme (U). Hind III (H). Bam HI (B). Eco 

hydrogen peroxide, mitomycin C. dsplatin (CDDP). and rj (E). and Qa I {€). respectively, and analyzed on 1% 

etoposide (VP- 16). with the use of dsplatin being particu- agarose gd. The lanes labeled (M) are mofeailar wdght 

larly pffef erred. markers. 

Still further embodiments ofthe present invention are kits HGS. 3A, 3B, 3C and 3D. Observation of cytopathic 

for use in killing cells, such as malignant cells, as may be effects on 293 by recombinant adenovirus. FIGS. 3A. 3B. 

fcMinulated into therapeutic kits for use in cancer treatment. ^ 3C and 3D arc a series of phase contrast images (x400) of 

The kits of the invention will generally comprise, in suitable 293 cells. FIGS. 3A. 3B, 3C and 3D are four pands of a 

container means, a pharmaceutical formulation of a recom- single page figure. FIG. 2A. before transfection; FIG. 3B. 

bioant vector that is capable of expressing a p53 protein in negative control on day 12 posttransfection; FIG. 3C. onset 

an animal cell, and a pharmaceutical formulation of a DNA of CPE on day 12 posttransfection; FIG. 3D. completion of 

damaging agent The recombinant vectors and DNA dam- 3^ CPE on day 14 post-transfection. 

aging agents may be present within a single container, or FIGS. 4A, 4B. 4C. and 4D. Iramunohistology of cells 

these components may be provided in distinct or separate infected with recombinant adenoviruses. FIGS. 4A. 4B. 4C 

container means. In a preferred embodiment the rcoombi- 0jj<j 4j) ai-g a sedes of iimminohistological images of H358 

nant vector will be a recomWnant p53-cxpressing adenoviral cells. FIGS. 4A, 4B, 4C and 4D arc four pands of a single 

vector present within an adenovirus particle and the DNA ^ page figure. Infcctivity of Ad5CMV-p53 in H358 cells, 

damaging agent will be dsplatin. H358 cells were infected with Ad5CMV-p53 or Ad5/RSV/ 

The components of the kit are preferably provided as a GL2 at 50 FTU/cell for 24 h. Medlium alone was used as a 

liquid solution, or as a dried powder. When the components mock infection. The infected cells were analyzed by immu- 

are provided in a liquid solution, the liquid solution is an nostainings. FIG- 4A is a mock infection probed with 

aqueous solution, with a sterile aqueous solution being 45 anti-p53 antibody. FIG. 4B arc cells infected with Ae 

particularly preferred. When reagents 01 componeats axe Ad5/RSV/GL2 control and probed with anti-p53 antibody, 

provided as a dry powder, the powder can be reconstituted FIG, 4C are Ad5CMV-p53 infected cells probed with an 

by the addition of a suitable solvent It is envisioned that the unrelated antibody (MOPC-21). FIG. 4D are cells 

solvent may also be provided in another container means. Ad5CMV-p53 infection probed with anti-p53 antibody. The 

cn antiH>53 antibody used was 1801. and the avidin-biotin 

BRIEF DESCRIPTION OF THE DRAWINGS ^ j^^tod was used for staining. 

Hie following drawings fcam part of the present spcah- FIG. 5A. Coomassie-Uue stained SDS-PAGE gel com- 

cation and are included to further denK>nstrate certain paring the relative level of expression of exogenous p53 in 

aspects (tf the present inventioD. The invention may be better H358 cdls. H3S8 cell samples that were infected with 

underwood by ftference to one or more of tficsc drawings in 55 Ad5CMV-p53 or Ad5/RSV/GL2 at 30 PFU/ccli were |wc- 

combination with the detailed description of specific pared 24 and 72 h after infection. Coomassie blue staining 

embodunents presented herein. of an SDS-PAGE analysis, showing relative quantities of 

FIG. 1. Scheme for generation of recQmbdnant p53 adcn- (ffotdn samples loaded. Lanes 1 and 4 contain the samples 

ovirus. The p53 expression cassette was ins^ed between of the Ad5/RSV/GL2-infected ceils. Lanes 2 and 3 contain 

the Xba I and Cla I sites <rf pXCIL.L The p53 expression 60 the san9)lcs of the cdls infected with two individual stodrs 

vector (pEC53) and the recombinant plasmid pJM17 were of Ad5CMV-f)53 at 24 h after infecticm. Lanes 5 and 6 are 

cotransfected into 293 cdls. The transfected cells woe the Ad5CNfV-p53-infectcd cell samples collected at 72 h 

maintained in medium until the onset of the cytopaduc after infecticHi. Lane 7 is mock-infected I058 san^le 72 h 

effect IdentificaticHi of newly generated p53 recombinant after infection. Lane M. piestained molecular wdg^ mark- 

adenoviruses (Ad5C!4V^53) by PCR analysis of the DNA 65 crs in kDa (GIBCO-BRL). 

using DNA tcnqilates prepared from the CFE supcmatants FIG. SB. Western blot analysis of the identical lane setting 

treated with Ptoteinase K and phenol extraction. gd as that f the SDS-PAGE in FIG. 5A. The relative levds 
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of expression of p53 were analyzed by Western blotting 
using anti-p53. Primary antibodies used were monoclonal 
antibodies against p53 protein (PAb 1801. Oncogene Sci- 
ence Inc.) and P-actin (Amersham Inc.). The HRP- 
conjugated second antibody and ECL dcvelc^ were from 
Amersham Inc. viral-infected H358 cells by Western Blot- 
ling. Western blot of FIG. SB have an equivalent setup and 
order to those in FIG. 5A. 

FIGS. 6A-B. Time course of the p53 expression, deter- 
mined by Western blotting (FIG. 6B). Multiple dishes of 
H358 cells were infected with Ad5CMV-p53 at 10 PFU/celJ. 
Cell lysates were prepared at indicated time points after 
infection. Western blotting was probed - with anti-p53 and 
anti-actin antibodies simultaneously. The lanes designated 
*C* represent negative controls. The histogram represents the 
relative quantities of p53 as determined by a densitometer 
(HG. 6A). 

FIG. 7 A, Growth curve of virally-infected human lung 
cancer cells of cell lines H358. Cells were inoculated at 10^ 
cells per dish (60 mm) and 6 dishes per cell line. After 24 
hours, the ccUs were infected with Ad5CMV-p53 or AdS/ 
RSV/GL2 at 10 m.o.i. (Multiplicity of infection, i.e.. PFU/ 
cell). After infection cells were counted daily for 6 days. The 
growth curves represent data obtained from 4 separate 
studies. 

FIG. 7B. Growth curve of virally-infected human lung 
cancer cells of ceU line H322. Cells were inoculated at 10* 
cells per dish (60 mm) and 6 dishes per ceU line. After 24 
hours, the cells were infected with Ad5CMV-p53 or Ad5/ 
RSV/GL2 at 10 m-o.i (Multiplicity of infection, ie., PFU/ 
cell). After infection cells were counted daUy for 6 days. The 
growth curves represent data obtained from 4 separate 
studies. 

FIG, 7C. Growth curve of virally-infected human lung 
cancer cells of cell line H460. Cells were inoculated at i(f 
cells per dish (60 nun) and 6 dishes per cell line. After 24 
hours, the cells were infected with Ad5CMV-p53 or AdV 
RSV/GL2 at 10 olo.L (Multiplicity of infection, Le.. PFU/ 
cell). After infection cells were counted daily for 6 days. The 
growth curves represent data obtained from 4 separate 
studies. 

no. 8. Row chart of tests of Ad50IV-p53 in orthotopic 
lung cancer model. The dosages and schedule of treatment 
of nude mice inoculated with H226Br cells and viruses are 
simunarized in the flow chart 

FIGS. 9A. 9B. 90, and 9D. Sanq>les of the lung and 
mediastinum dissection from treated and control mice. 
FIGS. 9A, 9B. 9C, and 9D arc four panels of a single figure. 
The mice were sacrificed at the end (rf the 6-wcck posttreat- 
ment pedod. The lung and medkstiniun tissues were dis- 
sected for evaluation of tumor formation. FIG. 9A is a 
san4>Ie of mediastina] block from a normal nude mice; FIG. 
9B is the mediastinal block sample from the vdiicle (PBS) 
-treated aiice ; FIG. 9C is the mcdLastioal Mock sample from 
the Ad5CMV-p53-trcatcd mice; FIG. 9D is the mediastinal 
block sample from the Ad5/RSV/GL2-treatcd mice. Arrows 
indicate the tuanxx masses. 

FIG. lOA. The effects of continuous e3qx>suie to CDDP 
on the growth rates of parental, Ad-Luc-infected, and 
Ad-p53-infccted H358 cells. H358 ccUs (1.5x10* cclWwcU) 
were seeded in duplicate n a 24-welI plate After 24 hours, 
100 pi (rf medium, Ad-Luc viral stock (10* PFUtol), or 
Ad-p53 viral stock (10® PFU/ml) was added. Following an 
add^onal 24-hour incubation, the mediimi that contained 
virus was replaced with fresh medhim that contained 10 
Mg/ml of C1>0P. 
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FIG. lOB. 24-hour exposure to CDDP on the growth rales 
of parental, Ad-Luc-tnfected. and Ad-p53-infected H358 
cells. Cells were exposed to CDDP (FIG. lOA) continuously 
or (FIG. lOB) for 24 hours followed by recovery in drug-free 

5 medium. Cells that remained as an attached monolayer were 
assessed for viabUity over 5 days by measuring trypan blue 
uptake. The mean +/- SE is shown. The day 5 cell number 
for the Ad-p53:CDDP group diff^s significantly from all 
other groups for both A and B (p<0.05 by Student's t-test). 

FIG. IOC- The eflfects of diflferent concentrations of 
CDDP on the viability of Ad-p53-LnfcclcU li358 cells. After 
24-hour exposure to the Ad-Luc or Ad-p53 virus, cells were 
treated with 0. 10. or 100 pg/nil of CDDP for 24 hours and 
then assessed for viability. 

*^ FIG. UA. Nucleosomal DNA fragmcniation in Ad-p53- 
iafected H358 cells exposed to CDDP Cells were infected 
and treated with CDDP for 24 hours as described in the 
legend to FIG. 10. 

FIGS. UB, lie. IID, HE. IIF and IIG. H358 ceUs that 

^ were grown on chamber slides, infected with Ad-p53 for 24 
hours, treated with CDDP for an additional 24 hours, and 
fixed for in situ labeling of DNA fragmentation. Pictured are 
parental H358 cells (B) without or (C) with CDDP; Ad-Luc- 
infected oeUs (D) without or (E) with CDDP; and Ad-p53- 
infected cells (F) without or (G) with CDDP The arrowhead 
shows an example of darkly stained nuclear fragments. 
BaD=:100 ^m. 

FIG. 12A. Effect of the combination of Ad-p53 infection 

3Q with CDDP treatment on H358 tumor spheroids. Multicel- 
lular tumor spheroids of H358 cells WCTe prepared as 
previously described (Takahashi. et al. (1989)). On day 0. 
spheroids with a diameter of 150 to 200 pm were placed in 
a 24-wcll agar coated plate and exposed to Ad-p53 or 

35 Ad-Luc for 24 hoinrs. On day 1, medium witfi 10 pg/ml of 
CDDP was added following removal of virus-containing 
medium. On day 2, after a 24-hour incubation, the overlay 
was replaced with 1 ml fr^h drug-free medium. The 
pezpendicular diameters were measured uang an inverted 
miCTOscope. The relative volume change was calculated 
acconUng to the foimula a^xb/ ai^xbj, where a and b are the 
smallest and largest diameters of the spheroid, respectively, 
and a| and b^ are the dianteters on day 1. Only the relative 
volimie of the Ad-p53/CDDP spheroids is significantly less 

45 (p<0.05 by Student's t-tcst) than the control group (Ctl). 
HGS. UB, 12C, 12D, and 12E. In situ dlTIP labeling 
with TdT for detection of apoptosis. H358 spheroids were 
fixed on day 3 and stained as described in Materials and 
Methods of Exan^e 7. (B) Control untreated spheroid. (C) 

50 spheroid treated with CDDP, (D) Ad-p53-infeclcd spheroid, 
and (E) Ad-p53-infected spheroid treated with CDDP. Bap= 
100 ^ncL 

FIGS. 13A.1, 13A-2. Induction of apoptosis by CDDP 
after in vivo infecdcm with Ad-p53 as measorcd by tumor 

55 volume changes. H358 cells (5x10^ in 0.1 ml Hank*s 
balanced salt solution were injected ^bcutaneously into die 
right flank of BALB/c female nu/nu mice. Thii^ dsys lata. 
200 pi of n^dium alone or medium containing Ad-L42c ( 10^ 
FFU/ml) or Ad-p53 ( 10^ PFUAnl) was iojected into tumcHS 

60 with a HinmMw of 5 to 6 mnL Intratumcffal injection ( 100 |il) 
and pcritumoral injedioD in two opposite sites (SO pi each) 
were performed. CDDP (3 mg/kg) or control i^ystological 
saUne was given intnq)critODeally. The tumors were mea- 
sured with calipers in two popendicular diameters without 

65 the knowledge of the treatment groups, and a tumor volume 
was calculated by assimiing a spherical tlbapc with the 
average tunmor diameter calculated as the square root of the 
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product of cross- sectional diameters. Five mice were used 
for eacii treatment group and the mean SE is shown. The 
data was analyzed using the Student's t-test. The arrow 
shows the day of treatment. Two independent determinations 
are shown. p<0.05 firora day 5 in test 1 ; p<0.05 from day 7 5 
in test 2. (ft-E) 

FIGS. 13B. IX:, 13D. and 13& Histologic study using 
the TdT-mediaied biotin-dUTP labeling technique. TVimors 
were harvested 5 days after the beginning of treatment and 
immediately embedded into 0- C. T. compound. Frozen 
tissues were cut in a ciyostat at 5'\im thicknesses. The 
sections were treated with 1 pg/ml proteinase K and stained 
as dcscrbed in the legend to FIG. 12. Pictured arc d to FIG. 
12. Pictured are tumors treated with (B) CDDP alone. 
(C) Ad-p5.3 alone, or (D. E) Ad-p53 in the combination with 15 
CDDP Bars=0.5 mm, AU animal care was in accordance 
with the UT M. D. Anderson Institutional Animal Care and 
Use Committee. 

DETAILED DESCRIPTION OF THE 20 
PREFERRED EMBODIMENTS 

A. Molecular Events in Lung Cancer Development 

Studies carried out by die present inventors has identified 
critical molecidar events leading to the dcvelqjmcnt and 
p-ogression of cancer. This enabled the inventors to develc^ 
new methods for restoring certain normal protein functions 
so that the malignant phenotypc can be suppressed in vivo. 

The most common lung cancer histologies (S0%) are 
grouped under the term non-small- cell lung cancer 30 
(NSCLC) and include squamous, adenocarcinoma, and 
laige-cell UDdifferentiated. Many of the current data on the 
molecular biology of lung cancer come from the study of the 
mOTC uncommon small-cell lung cancer (SCLC). SCLC can 
be distinguished from NSCLC by the neuroendocrine fea* 35 
tures of the cells; SCLC is very responsive to diemotherapy 
but recurs rapidly after treatment NSCLC also may serve as 
a model for othsr carcinogen-induced epithelial cancers. The 
approaches and observations developed In this study may be 
applicable to other types of q)ithelial cancers. 40 

Abundant evidence has aocunuilated that the process of 
malignant transformation is mediated by a genetic paradignt 
The major lesions detected in cancer cells occur in dominant 
oncogenes and tumor suppressor genes. Dominant onco- 
genes have altaations in a class of genes called proto- 43 
oncogenes* which participate in critical Donnal cell 
functions, including signal transduction and transcrqytion. 
nrimaiy modifications in the dominant oncogenes that con- 
fer the ability to transform include point mutations, 
translocations, reairangements, and anqdificadon. TUmor so 
suppressor genes appear to require homozygous loss of 
function, by mutation, deletion, or a con^ation of these for 
transformation to occur. Sonoe tumor suppressor genes 
appear to play a tcHc in the govcniance cf proliferation by 
regulation of traBScciption. Modification of the expression <tf 55 
dnminan! and tumor siipprcssor oncogenes is likely to 
influence certain characteristics of cells Ihat contribute to the 
malignant phenotypc. 

Despite increasing knowledge of the mechanisms 
involved in oncogene-mcdlated transformation, little 60 
progress has occurred in devdopii^ therapeutic strategies 
that specifically target oncogenes and their products. 
Initially, research in this area was focused on dominant 
oncogenes, as these were &e first to be characterized. 
DNA-mediated gene transfer studies showed acquisition of 6S 
the malignant phenotype by normal cells following the 
transfer of DNA from malignant human tumors. 
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B. p53 and p53 Mutations in Cancer 

P53 is ciuTcntly recognized as a turocH* suppressor gene 
(Montenaih. 1992). High levels have been found in many 
cells transformed by chemical carcinogenesis, ultraviolet 
radiation, and several viruses, including SV40. The p53 gene 
is a frequent target of mutational ioactivation in a wide 
variety of human turcKtrs and is already documented to be the 
most frequently-mutated gene in common human cancers 
(Mercer. 1992). It is mutated in over 50% of human NSCLC 
(Hollestein ct al., 1991) and in a wide spectrum of other 
tumors. 

The p53 gene encodes a 375-amino-actd prfiosphoprotein 
that c^n form complexes with host proteins such as large-T 
antigen and ElB. The protein is found in normal tissues and 
cells, but at concentrations which are minute by con^arison 
with transformed cells or tumor tissue. Interestingly, wild- 
type p53 appears to be important in regulating cell growth 
and division. Overexprcssion of wild-type p53 has l)een 
shown in some cases to be anti-proliferative in human tumor 
cell lines. Thus p53 can act as a negative regulator of cell 
growth (Weinberg. 1991) and may directly suRiress uncon- 
trolled cell growth or indirecdy activate genes that suppress 
this growth. Thus, absence or inactivation of wild type p53 
may contribute to transformation. However, some studies 
indicate that the presence of mutant p53 may be necessary 
for full expression of die transforming potential of the gene. 

Although wild-type p53 is recognized as a centrally 
important growth regulator in many cell types, its genetic 
and biochemical traits appear to have a role as well. Mis- 
sense mutaticHis are common for the p53 gene and are 
essential for the transforming ability of the oncogeite. A 
single genetic change pronqjtcd by point mutations can 
create carcinogenic p53. Unlike other oncogenes, however. 
p53 point mutations are known to occur in at least 30 distinct 
codons, often creating dominant alleles diat produce shifts in 
cell phenotype without a reduction to homozygosity. 
Additionally, many of these dominant negative alleles 
appear to be tc^crated in the organism and passed on in the 
germ line. Various mutant alleles appear to range from 
minimally dysfunctional to strongly penetrant dominant 
ncgadve alleles (Weinberg, 1991). 

Casey and colleagues have reported that transfection of 
DNA encoding wild-type pS3 into two human breast cancer 
cell lines restores growth suppression control in sudi cells 
(Casey et aL, 1991). A similar effect has also been demon- 
strated on transfection of wild-type, but not mtitant. p53 into 
human lung cancer cell lines (Takahasi ct al., 1992). The p53 
appears dominant over the mutant gene and will select 
against proliferation when transfected into cells with the 
mutant gene. NonnaJ expression of the transfected pS3 does 
not affect the growth of cells with endogenons p53. Thus, 
such constructs might be taken up by normal cells without 
adverse effects. 

It is thus possible that the treatment ci pS3-a$sociated 
cancels with wild type pS3 may reduce the number of 
malignant ccUs. Howcvcr. Studies such as those described 
above are far from achieviag such a goal, not least because 
DNA transfection cannot be employed to introduce DNA 
into cancer cells within a patients* body. 

C Gene Jherspy Techniques 

There have been several experimental approaches to gene 
thcrq^y proposed to date, but each suffer from their particu- 
lar drawbacks (Mulligan. 1993), As mentioned above, basic 
tiansfectioD methods exist in which DNA containing the 
gene of interest is introduced into cells non-faiologically, for 
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example, by penneabilizing the ceil roembrane physically or 
chemically. Naturally, this approach is limited to ccQs that 
can be tempcrarily removed from the body and can tolerate 
the cytotoxicity of the treatment. Le. lymjAocytes. lipo- 
somes or protein conjugates formed with certain lipids and 
amphophilic peptides can be used for iransfection. but the 
eflBdency of gene integration is still very low. on the order 
of one integration event per LOGO to 100.000 cells, and 
expression of transfected genes is often limited to days in 
proliferating cells or weeks in non jwoUf crating cells. DNA 
transfection is clearly, therefore, not a suitable method for 
cancer treatment. 

A second approach capitalizes on the natural ability of 
viruses to enter cells, bringing their own genetic material 
with thenL Retroviruses have promise as gene delivery 
vectors due to their ability to integrate their genes into the 
host genome, transferring a large amount of fweign genetic 
material, infecting a broad spectrum of species and cell types 
and of being packaged in special cell-lines. However* three 
major proWetns han4)er the practical use of retrovirus vec- 
tors. First* retroviral infectivity depends on the availability 
of the viral receptors on the target surface. Second, retrovi- 
ruses only integrate efficiently into replicating ceils. And 
finally, retroviruses are difficult to concentrate and purify. 

D. Adenovirus Constructs fca" use in Gene Therapy 

Human adenoviruses arc double-stmiKled DNA tumor 
vinises with genome sizes of approximate 36 kb fTooza. 
1981). As a model system for eukaryotic gene expression, 
adenoviruses have been widely studied and well 
characterized, which makes them an attractive system for 
development of adenoviius as a gene transfer system. This 
group of viruses is easy to grow and manipulate, and they 
exhibit a broad host range in vitro and in vivo. In lytically 
infected cells, adenoviruses are capable of shutting off host 
protein synthesis, directing cellular machineries to synthe- 
size large quantities of viral proteins, and producing copious 
amounts of virus. 

The El region of the genome includes ElA and ElE 
which encode proteins responsible for transcription regula- 
tion g{ the viral geoonse. as well as a few cellular genes. E2 
expression, including £2A and E2B. allows synthesis of 
viral rcplicative functions, e.g. DNA-btnding protein. DNA 
pcdyxnerase, and a tenniaal protein that primes replication. 
E3 gene products prevent cytoly sis by cytoCoxic T cells and 
turner necrosis factor and appear to be Inqxmant for viral 
propagation. Functions associated with the E4 [ffoteins 
include DNA replication, late gene expression, and host cell 
shutoff. The late gene products include most of the virion 
capsid proteins, and these are expressed only afto- most of 
the processing of a single primary transcript from the major 
late promoter has occuzred The major late promoier (MLP) 
exhibits high efficiency during the late phase of the infec^on 
(Stratford-Pemcaudet and Pcnicaudet, 1991a). 

As only a small portion of the viral genome ^3pears to be 
required in cis (Tooza. 1981). adenovirus-derived vectors 
offer excellent potential for the substitutioa of large DNA 
fragments whoi used in connecticm with cell lines such as 
293 cells. Ad5-transfonned human embryonic Mdney cell 
line (Graham, ct al.. 1977) have been devdoped to provide 
the essential viral proteins in trans. The inventors thus 
reasoned that the diaracteristics cf adenoviruses rendered 
them good candidates for use in targedng cancer cells in 
vivo (Gfunhaus & Horwitz. 1992> 

Particular advantages of an adenovirus system for deliv- 
ering foreign im)teins to a cell include (i) the abili^ to 
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substitute relatively laige pieces of viral DNA by foreign 
DNA: (ii) the stnictural stability of recombinant adenovi- 
ruses; (iii) the safely of adenoviral administration to 
humans; and (iv) lack of any known association of aden- 
oviral infection with cancer or malignancies; (v) the ability 
to obtain high titers of the recombinant virus; and (vi) the 
high infectivity of Adenovirus. 

Further advantages of adenovirus vectors over retrovi- 
ruses include the higher levels of gene expiession. 
Additionally, adenovirus repbcation is independent of host 
gene replication, unlike retroviral sequences. Because aden- 
ovirus transforming genes in the El region can be readily 
deleted and still provide efficient expression vectors, onco 
genie risk from adenovirus vectOTS is thought to be ncgJi- 
gible (Grunhaus & Hrawitz, 1992). 

In general, adenovirus gene transfer systems arc based 
upon recombinant, engineered adenovirus which is rendered 
replication-incompetent by deletion of a portion of its 
genome, such as El. and yet still retains its competency for 
infection. Relatively large foreign proteins can be expressed 
when additional deletions are made in the adenovirus 
genome. For example, adenoviruses deleted in both El and 
E3 regions are capable of carrying up to 10 iCb of foreign 
DNA and can be grown to high titers in 293 cdls (Stratford- 
Perricaudct and Pcmcaudct 1991a). Surprisingly persistent 
expression of nansgenes following adenoviral infection has 
also been reported. 

Adenovirus-mediated gene transfer has recently ■ been 
investigated as a means of mediating gene transfer into 
eukaryotic cells and into whole animals. For examfde. in 
treating mice with the rare recessive genetic disorder orni- 
thine transcarbamylase (OTC) deficiency, it was found that 
adenoviral constructs could be employed to supply the 
normal OTC enzyme. Unfoitunatcly, the expression of nor- 
mal levels of OTC was only achieved in 4 out of 17 instances 
(Stratfonl-Perricaudet et aL. 1991b). Therrfore, the defect 
was only partially corrected in most of the noice and led to 
no physiological or phenotypic change. These type of results 
therd'ore offer little encouragement for the use of adenoviral 
vectors in cancer therq>y. 

Attempts to use adenovirus to transfer the gene for cystic 
fibrosis transmembrane conductance regulator (CFlK) into 
the p nlmn njtry qxlthelium of cotton rats have also been 
partially successful, although it has not been possible to 
assess the biological activity of the transferred gene in the 
epithelium of the animals (Rosenfdd et aL, 1992). Again, 
these studies demonstrated gene transfer and expression of 
the CFTR protein in lung airway cells but showed no 
physiologic effect In the 1991 Science article. Rosenfeld et 
aL showed lung expression of al-antitrypsin protein but 
again showed no physiologic effect. In fact they estimated 
that the levels of esqiression that diey observed were only 
about 2% of the ievd required fot protection of the lung in 
humans, Le» far bdow that necessary foo* a physiologic 
effect 

The gene for hunuin a^antitiypsin has been introduced 
into the liver of normal rats by intraportal injection, where 
it was expensed and resulted in Che secretion of the intro- 
duced human protein into the plasma of these rats (Jaffe et 
aL. 1992). However, and disqjpointingly. die levels that 
were obtained were not hig^ enough to be of tftcrapcutic 
value. 

These type of results do not demonstrate that adenovirus 
is aUe to direct the cxprcsaon of sufficient protein in 
recombinant cells to achieve a physiologically rdevant 
effect and they do not Acrefore, suggest a usefulness of the 
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adeDOvirus system for use in conoection with cancer therapy. 
RiTthcnnorc. jinor to the present invention, it was thought 
that p53 could oot be incorporated into a packaging ceU. 
such as those used to prepare adenovinis. as it would be 
toxic. As ElB of adenovirus binds to p53, this was thought 
to be a further reason why adenovirus and p53 technology 
could not be combined. 

E. p53-Adenovirus Constnicis and Tumor 
Suppression 

The present invention provides cancer gene therapy with 
a new and more effective tumor suppressor vector. This 
recombinant virus exploits the advantages of adenoviral 
vectors, such as high titer, broad target range, efficient 
transduction, and non-integration in target cells. In one 
embodiment of the invention, a replication -defective, 
helper-independent adenovirus is created that expresses wild 
type p53 (Ad5CMV-p53) under the control of the human 
cytomegalovirus prOTnoter. 

Control functions on expression vectors are often pro- 
vided from viruses when expression is desired in mamma- 
lian cells. F<M' exan:^le. conunonly used promoters are 
derived firom polyoma, adenovirus 2 and simian virus 40 
(SV40). The early and late promoters of SV40 virus are 
particularly useful because both are obtained easily from the 
virus as a fragment which also contains the SV40 viral origin 
of rq>lication. Smaller or larger SV40 fragntents may also be 
used provided there is included the approximately 250 bp 
sequence extending fr-om the Hindm site toward the Bgll 
site located in the viral origin of replicatioiL Further, it is 
also possible, and often desirable, to utilize pomoter or 
control sequences normally associated with the included 
gene sequeoce, provided such control sequences are com- 
patible with the host cell systems. 

An origin of replication may be provided by construction 
of the vector to include an exogenous origia such as may be 
derived from SV40 or other viral (e.g., polyoma, adeno. 
VSV. BPV) source, or may be provided by the host cell 
chromosomal rq}lication mechanisoL the vector is inte- 
grated into the host cell chromosome, the latter is often 
sufficient 

The design and propagation of the prefecced p53 aden- 
ovirus is diagramed in FIG. 1. In connection with this, an 
inqirovcd protocol has been dcvdoped for propagating and 
identifying recombinant adenovirus (discussed below). 
After identification, the pS3 lecomhinant adenovirus was 
stnicturally confirmed by the PGR analysis, as indicated in 
RG. Z After isolation and confiimation of its structure, the 
p53 adenovinis was used to infect human lung cancer cell 
line H3S8. which has a homozygous p53 gene deletion. 
Western blots ^wed that the exogenous p53 iHOtein was 
expressed at a high level (FIG. 4 and FIG. 5) and peaked at 
day i after infection (FIG. 6). 

It was also shown in a p53 point mutation cell line H322 
that the mutant p53 was down regulated by the expression of 
the exogenous p53. As an experimental control, a virion 
(AdS/RSV/GL2) that had a stnictural similarity to that of 
Ad5C!MV-p53 was used. This virion contained a ludferase 
CDNA driven by Rous sarcoma virus LTR promoter in the 
expression cassette of Ae virion. Neither p53 exisession nor 
change in actin esq^rcssion was detected in cells infected by 
the virion Ad5/RSV/GLZ Growth of the H358 cells infected 
with Ad5CMV-pS3 was greatly inhibited in contrast to that 
of noninfected cells or the cells infected with the control 
virion (FIG. 7A). Growth of H322 cdls was also greatfy 
inhibited by the p53 virion (FIG. 7B). while that of hiunan 
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lung cancer H460 cells containing wild -type p53 was less 
aflfectcd (HG. 7C). 

Ad5C!MV-p53 mediated a strong inhibitory effect on lung 
cancer cell growth in vitro. Growth inhibition was not as 
5 evident when the cells were infected with Ad50!V-p53 at 
MOI lower than 1 FPU/cell, whereas, at MOI higher than 
100 PFU/cdl. cytotoxicity could be observed even with 
control virus Ad5/RSV/GL2, In our studies, the optimal dose 
for growth rate studies was 10-50 PFU/cell. Within this dose 
range, cell growth inhibition was attributable to the 
expressed p53 protein. 

Tests in nude mice demonstrated that timiorigcnicity of 
the Ad5CMV-p53-0'eated H358 ceils was greaUy inhibited. 
In a mouse model of orthotopic human lung cancer, the 
tumorigenic H226Br cells, with a point mutation in p53. 
were inoculated intratracheaUy 3 days prioi to the virus 
treatment. Intrattacheal instillation of Ad5CMV-p53 pre- 
vented tumor formation in this model system suggesting that 
the modified adenovirus is an cfScient vector for mediating 
transfer and expression of tumor suppressor genes in human 
20 cancer cells and that the Ad5CMV-p53 virus may bt ftmher 
developed into a therapeutic agent for use in cancer gene 
therapy. 

Ad5CMV-p53 mediated a high level of cxi^ession of the 
p53 gene in human lung cancer cells as demonstrated by 

25 Western blot analysis. Exogenous p53 protein was approxi- 
mately 14 times more abundant than the endogenous wild- 
type p53 in H460 cells and about two to four times more 
abundant than the ^actin internal control in H358 cells. The 
high level of expression may be atuibuted to (1) highly 

30 efBdent gene transfer. (2) strong CMV promoter driving the 
p53 CDNA, and (3) adenoviral El enhancer enhancing the 
p53 CDNA transcription. The duration of p53 expression 
after infection was more than IS days in H358 cells. 
However, there was a r^id decrease in expression after 

35 postinfecdon day 5. PCR analysis of the DNA samples from 
the infected H358 cells showed a decrease of ttie viral DNA 
levd with the decreased protein level indicating the loss of 
viral DNA during the continuous growth of cancer cells in 
vitro. 

^ The decrease in pS3 expression may also have resulted 
from celluiar attenuation of the CMV promoter that controls 
p53 e:q>ression. since the phenomenon of host ceU-mediated 
CMV promoter shut off has been reported previotisly (Dai. 
et al., 1992). Adenoviral vectors are noninte^ratlve gene 
4' transfer vectors and therefore the duration of gene expres- 
sion depends upon a niunber of factors, including die host 
cells, the genes transferred, and the relevant promoter. 
Crystal and co-workers showed low level expression of the 
cystic fibrosis transmembrane ooiMluctancc regulator gene in 
so cotton rat epithelial cdls was detectable 6 weeks after 
infection (RoscnfekL et al., 1992). Perricaudet*s laboratory 
demonstrated minimal expression of minidystrophin gene in 
mdx mouse muscle lasted for more than 3 months after 
infection. The sbort-tam high level eiqnessioQ of the wild- 
s' type p53 protein observed in the present study may have the 
bcncfidal effect of reducing possible side effects on normal 
cells following in vivo treatment with Ad5CMV-p53. 

Ibe studies disclosed herein indicate that die p53 recom- 
binant adenovirus possesses properties of tumor 
^ supprcsaoD. which appear to qxxatc by restoring p53 
protein function in tumor cells. These results provide sup- 
port fcr the use of the Ad5CMV-p53 virion as a thcrq)eutic 
agent for cancer treatment. 

^ F. DNA Damaging Agents 

A wide variety f DNA damaging agents may be used 
with the present invention, such as. agents that directly 
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CTOsslink DNA. agents that intercalate into DNA. and agents modest slowing of growth. Howeva. if Ad-p53 and CDDP 

that lead to chromosomal and mitotic abeiralions by affect- were simultaneously administered, tumors partially 

ing nucleic acid synthesis. regressed and the tumor size remained statisUcally signifi- 

Agcnts that direcUy aoss-link nucleic acids, specifically cantly smaller than those in any of the other treatment 

DNA. arc envisaged and are shown herein, to eventuate 5 groups. The growth mhibitory effect was even more pro- 

DNA damage leading to a synergistic antineoplastic com- nounced after two treatmem cycles (HG. 13A,. Histotogic 

bination.Agemssuchascisplatin.andotherDNAalkylating examination reveded a masswedesttucuon of tumor «^ 

may be used. Cisplatin has been widely used to treat cancer. the area where Ad-p53 was injected m mice treated w th 

ml efficacious doses used in dinicL appUcations of 20 CDDF In s«u staining 

mejm' for 5 days every three weeks for a total of three 'O around aceUulai spaces (HOS. I3B-E). In contrast tumors 

ccmrses. Cisplatin is not absorbed orally and must thaefore treated with CDDP alone or Ad-p53 alone showed neither 

be delivered via injection intravenously, subcutaneously. aceUularity nor apoptotic areas. 

intratumorally or intrapcritoncaUy. The present invention describes a novel strategy lor 

Agents that damage DNA also include compounds that ^ human gene therapy combined with conventional ch«no 

interfere with DNA ^pUcation. mitosis, and Xmosomal therapy using a DNA aosshnlang ^8«<. T^jnor ceU r^^«^ 

segregaUon. Exampl^es of these -mpoun.^ .^^t^^^^ '^:^''^l'^;^T^ZZ^f^^^^^^^ 

:^;^rpod^iStX l^r^:'^^^^ ca.s of lung c.^.. NSCJC 

diniTset^^ta the treatment of neoplasms these com- ^en^^dly unresponsive to chemotherapy (D<^kJ^3^^^^^ 

pounds are administered through boiurinjections intiave- ^° goal of cuaent cancer research. s to find ways to «nprove the 

^sly at doses ranging from 25-75 n^/m^ a, 21 day efficacy of gene replacement therapy «nccr by inv«L- 

intervals for adriamycin to 35-50 mg^mZ for etoposide g-««« °» ^^'^ gene product and chem^ 

!" . J Li .w • *- ^.TT^^.^. theraoeutic (trues. The herpes suBpiex-thynudine kinase 

intravenously or double the intravenous dose orally. * - • L u., ^ ^^^^-.ri^f.i 

^ . . ^ 1 . (HS-lK) gene, when delivered to brain tumors by a retroviral 

Agents that disnipt the synthesis and fidelity of nucleic ^5 ^^^^ successfuUy induced susceptlbUity to the 

acid p-ecursors. and subunits also lead to DNA damage. As ^^^^^^ agent ganciclovir (Culver, et al.. 1992). The HS-tK 

such a number of nudeic acid p-ecursors have been devel- exogenous viral enzyme, whereas the 

oped. Particulariy usefiil are agents that have undergone ^ ^ expressed in normal tissues, suggesting 

extensive testing and are readily available. As such, agents modulation of chemoresistance by aiteraticms in 

sudi as 5-fluorouracil (5-FU), are preferentiaUy used by ^ ^^53 expression might be an alternative approach using a 

neoplastic tissue, making this agent particularly useftJ f<^ mediated by an endogenous genetic pogram. 

targeting to neopla^c ceils. Although quite toxic, 5-FU, is ^ ^,„ovirus system has potential advantages for gene 

applicable m a wide range of earners, mclu^g topical J ^ ^^^^ ^ ^.^^ 

however in^venous actoinistrauon with doses rangmg ^^^^^^^ infSctivity for many types of 

from 3 to 15 mgflcg/day being commonly used. 35 ^^^^ and duration of expression of the intix>- 

Othcr factors that cause DNA damage and have been used ^^^^ controversial, however. For chemo-gene 

extensively include what are commonly known as y-rays, therffl>y. the levels of expression and the high infcctivity may 

X-rays, and/or the directed delivery of radioisotopes to ^ ^ significant than the duration of e^^sion, 

tuniOT cells. Other ferns of DNA damaging factors are also because drugs can kiU infected ceUs within several days. The 

contemplated such as microwaves and UV-uxadiation. It is 40 -^^^^ jevcls in cells that are sensitive to chemo- 

most likely that these aU of tfiese factors effect a broad range therapeutic drugs can occur within 6 hours after DNA- 

of damage on the jnecursors of DNA. the repHcation and ^j^maging stimuU (Fiitschc. et aL, 1993, Zhaa ct al^ 1993), 

repair of DNA, and the assembly and niaintcoancc cf although increased p53 DNA binding activity can be 

chronaosomes. Dosage ranges for X-rays range from daily reversed over the course of 4 hours if the stimulus is 

doses of 50 to 200 roentgens for prolonged periods of time 45 removed CTishlct, et al., 1993). In the present model, the 

(3 to 4 weeks), to single doses of 2000 to 6000 roentgens. exwession of tiie wt-p53 gene is driven independently by the 

Dosage ranges for radioisotc^ vary widely, and depend on cytomegalovirus pramotex contained in an Ad-p53 vector, 

the half-life <rf the isotope, the strength and type of radiation TT^greforc, a high level of p53 expression can be maintained 

emitted, and the ui^akc by the neoplastic cells. ^^^^ ^ cessation of drug exposure. The cjqiression of 

The skilled artisan in directed to 'llcmingtott*s Fharma- so wt-p53 protein by Ad-p53 peaks at postinfection day 3 

ceutical Sciences" 15th Edition, chapter 33, in particular (i4.fold ^cater than erKiogenous wild type) and decreases 

pages 624-652. Swne variation in dosage will necessarily 3 jgygl by day 9 (Zhang, cl aL. 1993). This suggests 

occur depending on the condition of the subject being thala transiently high level of wt-p53 expression is sufifident 

treated. The person responsible for administration will in initiate the cytotoadc program in the canca celL 

any event dctennine the apwcOTlate dose for the individual 55 „ „ . . _^ 

subject M«ova. for hSi^toinislr»don. prepaiations H. Patients andTrtatmcnt Piotooob 

should meet Sterility, pyrogenidty, general safety and purity The inventors propose that the regional delivery of 

standards as required by FDA OlSce of Biologies standards. adeaoviral-p53 gene constrocts to lung cancer cells in 

patients with p53-linked cancers, such as unresectable 

G. p53 and Cisi^atin IVeatmoit ^ obstructing endobronchial cancers. wiU be a very efficient 

In an effort to detaminc the efficacy (rf a combination of method for deUvcring a thcr^)euticaUy effective gene to 

gene replacement therapy and chemotfacr^y in human counteract the dinical disease. The deliver ctf the p53 gene 

cancCT. die inventors examined whether sequential admin- is to occur in combination with agents or factors that lead to 

islration of Ad-p53 and CDDP couW induce qwptosis in DNA damage. This owrfaned approach is a significant 
vivo. Following 3 days of direct intranunoral injection of 65 irqirovemeDt on current cancer therapies, for cxanq)le the 
Ad-p53 or intrqxritoneal admioistiation of CDDP, H358 loss of sensitivity to d^lalin alone, whidi rdy on attempts 

tumors inqilanted subcutaneously in nu/nu mice showed a to kin or remove (he last cancer ceU by efferting DNA 
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damage. As tumor cell dormancy is an established 
phenomenon, this makes elBfective killing highly unlikely. 

It is anticipated that the uptake of the adenovirus con- 
structs by NSCLXZ cells will decrease cfae rate of p«-olifcra- 
lion of these cells, however, the present examples demon- 
strate that the combined use of a DNA damaging agent or 
factor with the pS3 adenovirus leads to a profound diminu- 
tion of cell growth and tumor sire, not shown with cither 
factor alone. The con^sitions and methods disclosed 
herein » strongly portend an increase in the length of time the 
affected lung would remain expanded, prevent regrowth of 
the tumor and division of tumor cells, and prolong the 
patient's survival. 

Patients with unresectable endobronchial tumor recur- 
rence that is partially or con^lctcly obstructing the airway 
and that have failed or are unable to receive external beam 
radiotherapy will be considered for this combined protocol. 
Existing therapies for this condition offer only short-term 
palliation. Most patients have recurred despite external 
beam radiotherapy. It may be possible to insert a brachy- 
therq^y catheter and administer additional radiother^y, 
intravenous administration of DNA damaging agents. 
Patients receiving current treatments have a median survival 
of 6 months. Patients failing brachythcrapy would also be 
eligible to receive gene therapy, TUraor can be lemoved from 
the airway with the laser or biopsy fwceps- This can be done 
in conjunction with injection of the adenoviral constructs 
thus decreasing the volume that must be injected. The 
administration of the viral constructs would not preclude the 
patient from receiving other palliative therapy if the tumor 
progresses. 

L Other Gene Transfer Techniques 

Successful gene ther^y generally requires die integration 
of a gene able to correct the genetic disorder into the host 
genome, where it would co-exist and replicate with the host 
DNA and be expressed at a level to comp^isate for the 
defective gene. Ideally, the disease would be cured by one or 
a few treatments* with no serious side effects. There have 
been several approaches to gene therapy proposed to date, 
which may be used with the present inventicm. 

A first approach is to transfect DNA containing the gene 
of interest into cells, e.g.. by pcrmeabilizing &e cell mem- 
brane either chemically or i^ysically. Tliis approach is 
generally limited to cells that can be tenq>Qrarily removed 
from the body and can tolerate the cytotoxicity of the 
treatment (I.e. lymphocytes). Liposomes or protein conju- 
gates fonned with catain lipids and arr^iliophilic peptides 
can be used for in vivo transfection (Stewart et al.. .1992; 
Torchilin et al„ 1992; Zhu et al., 1993), however present 
efficiency of gene integration is veiy low. It is estimated lliat 
file gene intoest integrates into the genome of only cme 
cell in 1.000 to 100,000. In die absence of integration, 
expression of the transfected gene is limited to several days 
in proliferating cells or several weeks in non prcdiferating 
ceUs due to the degradation of the unintegrated DNAs. 

A second approach capitalizes on the natural ability of 
viruses to enter cells. Ininging their own genetic material 
wilh them. Retrovinises have promise as gene deliveiy 
vcdois due to their abill^ to integrate their genes into the 
host genome, transfening a large amount of foreign genetic 
material, infecting a broad spectnun f species and cell types 
and of being packaged In special cell-lines (Miller, 1992). 

A third method uses other viruses, such as adenovirus, 
herpes angrfex viroses (HSV). cytomegalovirus (C34V). 
and adenoassodated virus (AAV), which are engineeied to 
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serve as vectors for gene transfer. Although some viruses 
that can accept foreign genetic maierial are limited in the 
number of nucleotides they can accommodate and in the 
range of cells they infect, these viruses have been demon- 

5 stratcd to successfully effect gene expression. However, 
adenoviruses do not integrate their genetic material into the 
host genome and therefore do not require host replication for 
gene expression, making them ideally suited for rapid, 
ef&dent. heterologous gene expression. 

JO Even though the invention has been described widi a 
certain degree of particularity, it is evidcol that many 
alternatives, modifications, and variations will be apparent 
to those skilled in the art in light of the foregoing disclosure. 
Accordingly, it is intended that all such alternatives, 

15 modifications, and variations which fall within the spirit and 
the scc^ of the invention be embraced by the defined 
claims. 

The following exan^les are included to demonstrate 
preferred embodiments of the invention. Il should be appre- 

^ ciated by those of skill in the art that the techniques 
disclosed in the examj^es which follow represent techniques 
discovered by the inventor to function well in the practice of 
the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in 

2^ the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments 
which are disclosed and still obtain a like or similar result 
without departing from die spirit and scope of the invention. 

30 EXAMPLE 1 

Constmction of p53 Expression Vector 

This example describes die constmction of a p53 expres- 
sion vector. This vector is constructed as indicated and is 
35 used to replace die El region ( 1.3-9.2 nm.) of the Aden- 
ovirus strain Ad5 genome and employed to construct the 
Adenovirtis virion described in Exanq>le 2. 

The p53 expression cassette shown in FIG. 1, which 
contains human cytomegalovirus (CMV) promoter 
40 (Boshart ct aL. 1985). p53 cDNA, and SV40 early poly- 
adenylation signal, was insetted between the Kba I and Qa 
I sites of pXCJLl (provided by Dr. Hrank L. Graham. 
McMaster University. Canada). 

The genome size is about 3S.4 kb^ divided into 100 map 
units (1 m.u.=035 kb). The p53 expression cassette replaced 
the El region (13-9.2 ntu.) of the Ad5 genome. 

Primer 1 has the sequence 
5*-<XjCCCACCCCCTTGGCITC-3' (SEQ id N0:1) and is 
located in the first Intron downstream of the human CMV 
^ major IE gene promoter (Boshart. et aL, 1985). Mmer 2 has 
Ae sequence 5 -TnTTAACCATTAIAACjCrcC- J (SEQ ID 
N0:2) and is located in SV40 eariy polyadenylatioD signal 
Both <rf the primers, 15-20 bp away from the p53 cDNA 
insect at both ends, define a 1.40 kb PGR product Mmcr 3 
has the sequence 5'-TCanTCTCAGCAGCrGTTG-3' 
(SEQ ID NO 3) and primer 4 has the sequence 
5'-CArCrGAACrCAAAGCGTGG-3* (SEQ ID NO:4) and 
are located at 11 m.u. and 13 A m.u. of the Ad5 genome, 
respectively, which define a 0.86 kb viral-genome specific 
^ PCRproduct 

EXAMPLE2 

Generation and IVopagation of Recombinant p53 
^ Adenovirus 

This OLsaopic describes one method suitable for generat- 
ing hdper-indepeDdeDt fecomhtnant adenoviruses express- 
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ing p53. The molecular strategy employed to produce 
recorabinanl adenovirus is based upon the fact thai, due to 
the packaging limit of adenovirus. pJM17 cannot form virus 
on its own. Therefore, homologous recombination between 
the p53 expression vector plasmid and pJM17 within a 
iransfecled cell results in a viable virus that can be packaged 
only in cells which express die necessary adenoviral pro- 
teins. 

The method of this example utilizes 293 cells as host cells 
to propagate viruses that contain substitutions of heterolo- 
gous DNA expression cassettes at the El or E3 regions, lliis 
process requires cotransfection of DNA into 293 cells. The 
transfection largely determines elSciency of viral propaga- 
tion. The method used for transfection of DNA into 293 cells 
prior to the present invention was usually calcium- 
phosphate/DNA cc^recipitation (Graham and van der Eb. 
1973). However, this method together with the plaque assay 
is relatively difficult and typically results in low efficiency of 
viral propagation. As illustrated in this example, transfection 
and subsequent identification of infected cells were signifi- 
cantly improved by using liposomemediated transfection. 
when identifying the transfcctcd cells by cytopathic efifect 
(CPE). 

The 293 cell line was maintained in Dulbecco's modified 
minimal essential medium suj^lemented with 10% heat- 
inactivated horse serum. The p53 expression vector and the 
plasmid pJM17 (McGrory, et aL, 19S8) for homologous 
recombination were cotransf ecied into 293 cells by DOTAP- 
mediated transfection according to the manufacture's fffo- 
tocol (Boehringer Mannheim Biochemicals, 1992), This is 
schematically shown in FIG. 1. 

The 293 cells (passage 35, 60% confluency) were inocu- 
lated 24 hours prior to the transfection in either 60 mm 
dishes cr 24-well plates. The cells in each well were trans- 
fected with: 30 pi DOTAP. 2 jig cf p53 expression vector, 
and 3 jig of plasmid pJM 17. After transfection cells were fed 
with the MEM medium every 2-3 days until the onset of 
CPE. 

EXAMPLE 3 

Confirming the Identity of Recombinant 
Adenovinis 

This example illustrates a new polynierase chain reaction 
(PCR) assay for confinning the ijdcatity of recombinant 
virions following cotransfectiott of the appropriate ceU line. 

Aliquots <tf cell culture supematants (50 to 370 |d) were 
collected from the test plates, treated with proteinase K (50 
|ig^ with 0.5% SDS and 20 mM EETA) at 56** C. for 1 
hour, extracted with pbenot-cUorofona and the nudctc 
acids were ethanol precipitated The DNA pellets were 
resuspended io 20 |il dHjO and used as template for PCR 
an9)lification. Hie relative locations oi the PCR primers and 
their sequences are depicted in FIG. 1 and are SEQ ID 
NOS:l, 2, 3 and 4, respectively. The cDNA insert-specific 
primers define a 1.4 kfo PCR product and the viral genome- 
specific primers define a 0.S6 kb PCR produce The PCR 
reactions were canied out in a 50 pi volume containing 4 
mM MgOj. 50 mM KCL 0.1% triton X-100, 200 pM each 
of dNTPs. 10 mM THs-Q (pH 9.0). 2 pM of each pnmsr. 
and 1.0 unit of Taq polymerase (Promega). The leacticHis 
were carried out at 94** C, 03 min, 56** C, 0.5 min. and 72° 
C, 1 min for 30 cycles. 

In order t sin^lify the procedure oi identification of 
newly propiagated recombinant virus, a direct FCR assay n 
DNA samples from cell culture supernatant was developed. 
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Aliquots (50 or 370 pi) of the cell medium supernatant with 
CPE were treated with proteinase K and phenol/chloroform 
extraction. After ethanol precipitation, the DNA san^iles 
were analyzed using PCR en^loying two pairs of primers to 
5 amplify insert-specific and viral-genome-specific sequences. 
The PCR primer targets and tiieir sequences are depicted in 
FIG- 1. Primers 1. 2. 3 and 4 are represented by SEQ ID 
NOS:K 2. 3 and 4, respectively 
As a result, a 1.4 kb cDNA insert and a 0.86 kb viral 
iC" genome fragment were amplified fi'om the expression vector 
(positive connol) and the DNA samples of the positive cell 
culture (FIG. 2B. lane 1 and 4, respecUvely). only the 0.86 
kh fragment was amplified from the DNA sample of Ad5/ 
RSV/GL2 virus (negative control, lane 2). No amplified 
15 bands appeared from PCR reacUons that used either 
untreated. positive ceD culture medium supernatant (lane 3). 

These results indicated that adenoviruses released into 
cell culture medium are detectable by PCR, using as little as 
50 pL of the cell culture medium supernatant for preparing 
^ DNA ten^ilates. These results will allow devclc^mcnt of a 
quantitative method for using this technique to determine 
adenovirus titers, txaditionally done by plaque assays. 

The wild-type sequence of the p53 cDNA in the 
Ad5CMV-p53 virus was confirmed by didcoxy DNA 
^ sequencing on the CsCl-gradicnt-purified viral DNA. The 
cond-ol virus Ad5/RSV/GL2. generated in a similar manner, 
has a structure similar to that of Ad5CMV-p53 except a Rous 
sarcoma viral promoter and lucif erase cDNA were used in 
its expression cassette. The recombinant adenovirus that 
^ carries a E. coU p-galactosidase gene (LacZ). Ad5CMV- 
LacZ. also has a structure similar to that of Ad5CMV-p53. 
and is obtainable as disclosed in Zhang et al. and from I>r. 
Frank L. Graham (please see Graham, et al., 1991). 

Viral stock, titer, and infection- Individual clones of the 
Ad5CMV-p53. Ad5/RSV/GL2. and Ad5CMV-UcZ viruses 
were obtained by plaque-purification according to the 
method of Graham and Prevcc (1991). Single viral clones 
were propagated in 293 cells. The culture medhim of the 293 
^ cells lowing die completed cytopathic effect was collected 
and ccntrifugcd at lOOOxg for 10 min. The pooled supema- 
tants were aliquotcd and stored at -20° C. as viral stocks. 
The viral titers were determined by plaque assays (Graham 
and Ptevec. 1991). Infections of the cell lines were carried 
out by addition of the viral solutions (0.5 ml per 60-nun 
dish) to cell monolayers and incubation al rocwn temperature 
for 30 min with brief citation every 5 min. This was 
followed by the addition of culbue medium and the return of 
the infected cells to the 37* C incubator. 
5Q The gene transfer efficiency of the recombinant adenovi- 
ruses was also evaluated using Ad5CMV-LacZ in a variety 
of cell lines such as H226Br. H322. H460. HcLa. Hep 02. 
LM2, and Vero. By X-gal staining, all of the cell lines were 
stained 97-100% blue after infection with Ad5CMV-LacZ at 
55 an MOI of 30 PFU/ccU. 

E?CAMFUB4 

Ad5CMV^53-Dircctcd p53 Gene Eiqvcssion in 
Human Lung Cancer Cells 

60 This cxamplt describes the use of recondnnant p53 aden- 
ovirus to infect btunan iung cancer cells with a h<Hnozygous 
p53 gene deletion. The results show that growth of these 
cells and expression of mutant p53 was sui^xessed, indi- 
cating the potential of the Ad5CMV-p53 virion as a useful 
65 agent for control of metastatic cells. 

Inomnnohistochcniistzy was performed on infected cell 
monolayers that were fixed with 3.8% formaiiD and treated 
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with 3% H2O2 in methanol for 5 min. Immuoohistochemical 
analysis was performed using Vectastain Elite kit (Vector, 
BurUnganie. Calif.). The primary antibody used was anti- 
p53 antibody PAb 1801 (Oncogene Science. Manhasset. 
N.Y.); MOPC-21 (Organon Teknika Corp.. West Chester. 
Pa.) was used as a negative control. The second antibody 
was an avidin -labeled anti-mouse IgG (Vector). The bioti- 
nyiated horseradish peroxidase ABC complex reagent was 
used to detect the antigen-antibody complex. Finally the 
cells were counterstained with Harris hematoxylin (Sigma) 
and mounted with Cytoseal 60 (Stephens Scientific, 
RiverdaJe. NJ.). 

Immunohistocheiuical analysis of the infected cell lines 
was performed to examine the in situ expression of p53 
expression driven by the (7MV promoter of the Ad5CMV-53 
virus. In the H358 cell line, which has a homozygous 
deletion of p53, the p53 gene was transferred with 97-100% 
efficiency, as detected by immunohistochcmical analysis, 
when the ceUs were infected witfi Ad5C!MV-p53 at a mul- 
tiplicity of infection of 30-50 plaque-forming units (PFUy 
cell {FIG. 4). 

The high transfer efficiency of recombinant adenovirus 
was confirmed by Ad5CMV-LacZ. a virus which cairies the 
LacZ gene transcribed by the human CMV BE promoter. At 
an MOI of .30-50 PFU/ceU. aU of the ceUs examined, 
including HeLa. Hep G2, LM2, and the human NSCLC 
cancer cell lines were 97-100% positive for b-gaiactosidase 
activily by X-gal staining. These results indicate that aden- 
oviral vectors are an efficient vehicle for gene transfer into 
human cancer cells. 

Western blotting analysis was performed on total cell 
lysates prepared by lysing monolayer cells in dishes with 
SDS-PAGE san^le buffer (0.5 mJ per 60-mm dish) after 
rinsing the cells with phosphate-buffered saline (FBS). For 
SDS-PAGE analysis lanes were loaded with cell lysates 
equivalent to 5x 10* cells (10-15 ml). The proteins in the gel 
were transferred to HybcHid™-E(X membrane ( Amersham. 
Arlington Heights. IlL). The membranes were blocked with 
0.5% dry milk in FBS and probed with the primary anti- 
bodies: mouse anti-htmian p53 monodonal antibody PAb 
1801 and mouse anti-human p-actin monoclonal antibody 
(Amersham). washed and probed wi& the secondary anti- 
body: horseradish peroxidase-conjugatod rabbit anti-mouse 
IgG (Pierce Chemical Co.. Rockford. HI.). The membranes 
were developed according to die Amersham*s enhanced 
chemiluminescence protocoL Relative quantities of the 
exogenous p53 expressed were determined by densitometer 
(Mc^cular Dynamics Ina. Suimyvale. Calif.). 

Western blots showed die exogenous p53 protein was 
expressed at a hlg^ level (FIG. 5A lanes 23 and 5.6). The 
protein peaked at day 3 after infectioa (FIG. 6. insot 0^ 
days to3 daysX As a c<Hitrol, a virion with a structure similar 
to the recombinant Ad5CMV-p53 of Exanq>le 1 was con- 
stiucted. This virion contains a ludfcrasc cDNA driven by 
Rous Sarcoma Virus LTR promoter in the expression cas- 
sette of the virion. Neither p53 expression nor change in 
actin expression was detected in the cells infected by the 
virion Ad5yRSV/(jL2. 

The recombinant pS3 adenovirus was used to infect three 
human longs NSCXC cell lines: cell line H358. which has a 
bcHnozygous deletion of die p53 gene, cell line H322, which 
has a point mutation of die p53 gene at codon 248 (G toT). 
and cdl line H460. which has a wild-type p53 gena The 
growth rate of himnan NSCLC ceUs was detaining follow- 
ing die inoculation of H322 and H460 (1x10^ or H358 
(2x10') in 60-mm culture dishes 24 h bdore viral infection. 
The cells were infected with the viruses at a multq>licity of 
infection (MOI) of 10 PFU/oeH Culture medium was used 
for die mock infecdon control. Triplet cultures of each cell 
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line with different treatments were counted daily for days 
1-6 after infection. 

Growth of the H358 cells infected with Ad5CM V-p53 was 
greatly inhibited in contrast to that of nooinfected ceUs or the 

5 cells infected with the control virion (FIG. 7 A), (jrowth of 
H322 cells was also greaUy inhibited by the p53 virion (FIG. 
7B). while that of human lung cancer H460 cells containing 
wild type p53 was affected to a lesser degree (FIG. 7C)- 
Growtfi of the AdSCMV-p53 virus-infected H358 cells was 

jQ inhibited 79%. whereas that of noninfected cells or the cells 
infected with the control virus were nol inhibited. Growth of 
cell line H322. which has a point mutation in p53. was 
inhibited 72% by Ad5CMV-p53. while diat of cell line H460 
containing wild- type p53 was less affected (28% inhibition). 

J J The results indicate that the p53 recombinant adenovirus 
possesses properties of tumor suj^ssion. working through 
restoration of the p53 protein function in tumor cells. 

E?CAMPLE5 

20 Ad5CMV-p53 in the Treatment of p53 Deficient 
Cells 

The present example concerns the use of recombinant p53 
adenovirus to restore growth supjB-ession of tumor cells in 
vitro and thus to treat the malignant or metastatic growth of 

25 cells. It describes some of the way:; in which the present 
invention is envisioned to be of use in the treatment of 
cancer via adenovirus-mediated gene therapy. 

H35S cells were infected widi Ad50fV-p53 and Ad5/ 
RSV/GL2 at a MOI of 10 PFU/celL An equal amount of cells 

30 were treated with medium as a mock infection. l\veDty-four 
hours after infection. &e treated cells were harvested and 
rinsed twice with PBS. Fot each treatment, three miUion 
(3x 10*) cells in a volume of 0. 1 ml were injected s.c. to each 
nude mouse (Harlan Co.. Houston. Tex.). Rve mice were 

35 used for each treatment Mice were irradiated (300 cGy. 
^Co) before injection and examined weekly after injection. 
Tdmor formation was evaluated at the end of a 6-week 
period and tumor volume was calculated by assuming a 
spherical sh^ with the average tumor diameter calculated 
as the square root of the product of cross-sectional diam- 
ctcrs. 

To determine the inhibitory effect on tumorigenicity 
mediated by Ad5CMV-p53 nude mice were injected s.c 
with H358 cells (a human NSCXC-type ceil) to induce 
neoplastic growth. Each mouse received one injection of 
cells that had been infected with Ad5CMV-p53 or Ad5/RSV/ 
GL2 at 10 PFU/ceU for 24 h. H358 cells treated with 
modituxi alone were used as mock-infected controls. Tumors, 
first palpable at postinjection day 14. were induced only by 
the mock- or control virus-infected cells as demonstrated in 
50 Table I: 



TABLE I 



55 



Effioct of AdSCMV-p53 00 tumorigenkity 
of H358 in xradc mke* 




No. cf IViasns/ 
No. of Mice («> 


BtfcanMihnDe 
(mm' t SD) 


Mfldinin 


4/S(8()) 


37 ± 12 


Ad5/RSV/GL2 


3/4(75) 


30 ±14 




0/4(0) 





Ibe treated H3SS ccfis were injected »x. at 2 x lO^cellstaiDuse. IVmor sizes 
were /W^w»>inf<< tfjc cqJ of a 6-we^ period 



As shown in Table 1 mice that received Ad5CMV-p53- 
65 treated ceUs did not develop tuium. The tumors at the end 
of a d-wcck period were 4-10 nun in dianoetcr. This study 
was initiated with five mice per groqp; one mouse each io 
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the Ad5CMV-p53 or Ad5/RSV/GL2 group faUed to com- 
plete the study. The early deaths were presumably due to 
nosocomial infection, 

EXAMPLE 6 
Ad5CMV-p53 in the Treatment of Lung Cancer 

The present example concerns the use of recombinant p53 
adenovirus to restore growth supjH^ession of tumor cells in 
vivo and thus to treat cancers in animals. It describes some 
of the ways in which the present inveoLion is envisioned to 
be of use in the u^eaunent of cancer via adcnovirus-mcdiatcd 
gene therapy. 

The cfBcacy of Ad5CMV-p53 in inhibiting tumOTigeni city 
was further evaluated in the mouse model of orthotopic 
human lung cancer Since H358 and H322 cells did not 
produce tumors in this model, cell line H226Br was used 
This cell line has a squamous lung cancer origin and 
metastasized from lung to brain. H2261M' has a point muta- 
tion (Arc to GTC) at cxon 7. codon 254. of the p53 gene and 20 
is tumorigenic in mice. 

The procedure for tests in the mouse model of orthotopic 
human lung cancer has been previously described (Georges, 
et al.. 1993). Briefly, nude mice treated with radiation (300 
cGy. ^Co) were inoculated with H226Br cells by intratra- 25 
cheal instillation. Eadi mouse received 2x10^ cells in a 
volume of 0.1 mi PBS. Three days after inoculation. 10 mice 
per group were treated with 0.1 ml of viruses or vehicle 
(PBS) by intratracheal instillation once a day for two days. 
The virus dosage used was 5x10^ Ad5CMV-p53 or Ad5/ 
RSV/GL2 per mouse. The mice were euthanized at the end 
of a 6-wcck period. Tumor formation was evaluated by 
dissecting the lung and mediastinum tissues and measuring 
die tumor size. The tumors were confirmed by histologic 
analysis of the sections of the tumor mass. 

The iiradiated nude mice were inoculated with 2x10* 
H226Br cells/mouse by intratracheal instillation. Tluiee days 
after inoculation, each of ttjc mice (8-10 mice per group) 
were treated with 0.1 ml of either Ad5CNfV-953 <x Ad5/ 
RSV/GL2 or vehicle (PBS) by intratracheal instillation once 
a day for two days. The virus dosage used was 5x10^ 
PFU/mouse. 'Hmior fcmiation was evaluated at the end of a 
6-week period fay dissecting the lung and mediastinum 
tissues and measuring the tumor size. A flow chart of the 



group, 70-80% of the treated mice formed tumors. The 
average tumo- size of the Ad50IV-p53 group was signifi- 
cantly snaaller than those of the control groups.These results 
indicate diat Ad5CMV-p53 can fH-cvent H226Br from form- 
ing tumors in the mouse model of orthotopic human lung 
cancer. 

EXAMPLE 7 
Synergism between p53 and DNA Damage 

The biochemical features of progranuned cell death 
(apoptosis) show a characteristic pattern of DNA fragmen- 
tation resulting from cleavage of nuclear DNA. Recent 
studies have demonstrated that induction of apoptosis by 
chcmothcrapcutic drugs or ionizing radiation may be related 
to the status of the p53 gene and that DNA-daraaging stimuli 
are able to elevate intracellular p53 protein levels in cells 
that are in the process of apoptosis (Lowe, et al.. 1993. 
Clarke, et al.. 1993. Fritsche. et al. 1993. Harper, et al.. 
1993, El-Deiry. et al.. 1993). Inhibition of the cell cycle at 
the Gi phase by increased levels of the wild-type p53 
(wt-p53) protein allows more time for DNA repair; if 
optimal repair is impossible. p53 may trigger programmed 
cell death. Thus. p53 may contribute to the induction of 
apoptotic tumor cell death by chemotherapeutic agents. 

Inactivation of the p53 gene by missense mutation or 
deletion is the most conuuon genetic alteration in human 
cancers (Lcvine, et al.. 1991, HoUstein, et al.. 1991). The 
loss of p53 function has been rqKjrted to enhance cellular 
resistance to a variety of chemotherapeutic agents (Lowe, et 
al.. 1993). The inventors studies showed that hun:ian non- 
smaU cell lung cancer (NSCLC) H358 cells, in which both 
alleles of p53 are deleted, were resistant to chemotherapeutic 
drugs, whereas cell line WTH226b. which has endogenous 
wt-p53. readily showed apoptotic cell death 16 hours after 
treatment with cisplatin (CDDP) and etoposide (VP- 16) (T. 
Fujiwara E. A. Griraja T. Mukhopadhyay. J. A. Roth, 
unpublished data). Therefore, the inventors sought to deter- 
mine whether the introduction of the wt-p53 gene into H358 
40 cells by an adenoviral vector could increase the ccU*s 
sensitivity to the DNA crosslinking agent CDDP in vitro and 
in vivo. 

Materials and Methods 

H358 cells were kindly provided by A. Gazdar and J. 



30 



35 



mK^dure is depicted in na 7. With representative sai^^ <5 Minna (Takahashi. <^ al., 1989). 



a[ dissection demonstrated in FIG. 8. The d^ectcd tumors 
were confirmed by histologic analysis. The data of tumcH* 
measurements are summarized in Table IL- 

TABLEH 



ECfect of AdSCMV-{>S3 oo tumongextkity of 
H226Br in mcnise axxlel of orlboCorinc human twut cancoT 




No. mioc wilt 








MeanMjhanc 




IbtalMiceCft) 


(mm'tSD) 


Vehicle 


7/10(70) 


3018/4 


AdS/RSV/GO 


8/10(80) 


25 ±6.9 


AdSCMVii53 


2/8(25) 


8±33* 



*Mioe were iznctilated wiih l^ltfi H22fiBr cellsAnouse mtntracfaeally. On 
Ox poctioDciifatiom Ibe nuce wen given either vehicle or vinises (5 

X 10^ each in 0.1 ai!) iii l na tnctK a ny oooe a day fiv 2 dayai TUmar fermatkm 
wasevahated atdiDendof a6-mlcperk»d. 

^ < 005 by two-way analysts of variance when ua api ed to the gioups 
leceivii^ vctuck (PBS) or vinia control. 

Only 25% of the Ad5CMV-p53-treatcd mice formed 
tumon, whoreas in tiic vchide or Ad5yRSV/OL2 centred 



Adenovirus Vectors 

The coostniction and identification of a recombinant 
adenoviius vector that contains the CDNA that encodes 
human wt-p53 (Ad-p53) or ludferase (Ad-Luc) were prc- 
50 viously reported (Zhang, et al., 1993). Briefly, the p53 
expression cassette that contains human cytomegalovinis 
prcnnoter. wt-p53 cDNA, and SV40 eariy polyadcnylation 
signal, was inserted between the Xbal and Clal sites of 
pXCJL.1. The p53 buttle vector and the rccanil»nant plas- 
55 mid pJM17 were cotransfectcd into 293 cells (Ad5- 
transformed hunoan embryonic kidney cell line) by a 
liposome-mediated technique. The culture siq)ernatant of 
293 cells showing .(he complete cytopathic effect was col- 
lected and used for subsequent infections. The control 
60 Ad-Lac vinjs was generated in a similar manner Ad-p53 and 
Ad-Luc viruses were fvopagated in 293 cells. The presence 
of rq}licati(»i competent vims was excluded by HeLa cell 
assays. The vital titeis were determined by plaque assays 
(Graham, et aL. 1991). 
65 Detection of NudeoscHoal DNA Fk^agmentatioD 

DNA was isolated from parental Ad-Luc-infected, and 
Ad-p53-iiifected cells that did or did not receive CDDP 
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treatment, by incubating cells at 55* C. for 6 hours in lysis 
buffo- (50 mM Tris-HCl. pH 8.0, 100 mM EDTA. 100 voM 
NaQ. 1% SDS. and 50 pg/ral proteinase K). DNA was 
extracted twice with equal volumes of phenol and once with 
chloroforra-isoamylalcohol (24:1) and then precipitated in 
ethano!. Samples were subjected to electrophoresis on a 
1.5% agarose gel. and visualized by ethidium bromide 
staining. 

TdT-mediated dUTP nick end labeling was performed 
according to a procedure previously reported (Gavrieli. et 
al., 1992). Monolayer ceils were treated with 0.0% NP-40. 
The slides were immersed in TdT buffer (30 mM Tris-HCL 
pH 7.2; 140 mM sodium cocodylate; 1 mM cobalt chloride) 
and incubated with biotinylated dUTP (Boehringer 
Mannheim, Indianapolis. Ind.) and TdT at 370° C. for 45 
min. The slides were covered with 2% bovine serum albu- 
min for 10 min and incubated with avidin-biotin complex 
(Vectaslain Elite Kit; Vector Laboratories. Burlingame. 
Calif.) for 30 min. The colorimetric detection was performed 
by using diamine-benzidine. 
Results 

H358 cells wcxe transduced in vitro with the human 
wt-p53 cDNA by exposure to Ad-p53. Western Wot analysis 
showed a high level of wt-p53 protein expression as early as 
24 hours after infection with Ad-p53. but no wt-p53 was 
detected in parental (uninfected) cells or control cells 
iMected with Ad-Luc (data not shown). Couctm^ent immu- 
nohistochemical evaluation demonstrated detectable wt-p53 
protein in mwc than 80% of infected cells, suggesting that 
the transfer and expression of p53 by AI>-p53 was highly 
ef&dent (data not ^own). 

Continuous exposure of Ad-p53-infected H358 cells to 
CDDP reduced their viability rapidly, whereas significam 
ceil death for parental and Ad-Luc-infected cells occurred 
only after 72 hours of exposure to CDDP (FIG. 1*A). Loss 
of viability was greatly enhanced in cells transduced with 
Ad-p53. Moreover, the reduction of viability could be 
observed even when cells were maintained in drug-free 
medium after 24 hours of exposure, suggesting that lethal 
danuge could be induced within 24 hours (FIG. lOB). The 
sensitivity of wt-p53-transduced H358 cells to CDDP was 
dose dependent (FIG. IOC). 

An internudeosomal DNA ladder indicative of DNA 
fragmentation was evident in cells expressing wt-p53 after 
24 hours of exposure to CDDP; parental and Ad-Luc- 
infected cells, however, did not show DNA fragmentation 
(FIG. 1L\). Terminal deoxynucleotidyl transferase (T<n> 
mediated 2*-deoxyuridioe-5*-triphosphate (dUrP)-biotio 
nick end labeling, which detects DNA fragmentatioD char- 
acteristic of apoptosis in situ, showed many apoptotic cells 
in Ad-p53-infected cells treated with CDDP for 24 hours as 
shown in FIG. 11 G which demonstrates dartdy staining 
nuclei and nudear fragaients not present in FIGS. IIB-F. 

Introduction of wt-p53 is known to induce apoptosis in 
some types of tumor cell lines with ddeted or mutated p53 
(Yonish-Rouach, et al.. 1991. Shaw, et aL 199Z Ramqvist 
et al. 1993). However, overexpression of wt-pS3 alone 
could not fn-omote DNA fragmentation in the p53-a^tive 
H358 cell line (FIG. U). although their growth was sup- 
pressed by Ad-p53 (FIG. 10). This is conqxatible with the 
inventors previous observations showing that stable H358 
dones could be obtained after retroviros^nediated wNp53 
transfer and that the dones grew more slowly than parental 
cdls(CaLctaL. 1993). 

The potential therapeutic efiBcacy of the combinatioo of 
Ad-pS3 and 0>DP was cvahiatcd in terms of the relative 
diange in vohune H3S8 spherads. Tht multicellular 
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tumor spheroid model exhibits in vitro a histologic structure 
sinular to that of pimary timK)rs and micrometastases. 
Treatment with CDDP caused a reduction of relative volume 
in Ad-p53-infected IDS 8 spheroids, but had no significant 

5 effect on parental or Ad-Luc-infected spheroids (FIG. 12A). 
In situ TdT-mediated dUTP labeling showed many cells in 
the process of apoptosis on die surface of Ad-p53 -infected 
spheroids, while no apoptotic cells were seen on spheroids 
not infected with Ad-p53 (FIG. 12B-E). The inventors have 

10 previously reported that retroviral- mediated wt-p53 expres- 
sion inhibited growth of H322a spheroids induced by trans- 
forming growth factor a (TGF-a) (Fujiwara. et al,. 1993). 
The retroviral vector could not infect H358 spheroids, 
however, because cells in these spheroids did not proliferate 

15 rapidly in response to exogenous TGF-a. The finding thai 
exposure to CDDP reduced the size of H358 spheroids 
infected with Ad-p53 by inducing apoptosis on the surface 
suggests that Ad-p53 infects nonproliferating cells and that 
CDDP initiates the ap>q3totic process in quiescent cells. 

20 

EXAMPLES 

Using p53 and DNA Damaging Agents in 
Treatment Regimens 

^ An animal models has been employed as part of pre- 
clinical trials, as described hereinbelow and to Examples *). 
6 and 7. Patients for whom the medical indication for 
adenoviius-mediated gene transfer treatment has been estab- 
lished may be tested for the presence of antibodies directed 
^ against atlenovirus. If antitx>d]es are present and the patient 
has a history of allergy to either pharmacological or natu- 
rally occurring substances. ^)plication of a test dose of on 
the order of 10^ to 10^ rccoinbinant adenovirus under close 
clinical ot)servation would be indicated. 

For the treatment of cancer using Ad5CMV-p53. recom- 
binant adenovirus ^pressing p53 under the control of 
suitable promoter/enhancer elements, such as the CMV 
j»:omoter. would be prepared and purified according to a 
^ method that would tie acceptable to the Food and Drug 
Administration (FDA) for administratiOD to human subjects. 
Such methods include, but are not limited to« cesium dilo- 
ride density gradient centrifugation. followed by testing for 
efficacy and purity. 
45 IVo basic methods arc considered to be suitable for p53 
adenovirus tieatmeot mtethods, a direct or local administra- 
tion and a more general administratiott. The present methods 
are suitable for treating any of tfic variety of dififcrent 
cancers known to be connected with p53 mutations. In 
50 regard to general administratioiL. a simple intravenous injec- 
tion of adenovirus has been shown to be sufficient to result 
in viral infection of tissues at sites distant from the injection 
(Stratfoid-PeDricaudet et al.. 1991b). and is thus suitable for 
tiie treatment of all p53-linked malignancies. The virus may 
55 be admim^cred to patients by means of intravenous admin- 
istration in any phannacologicaUy acceptable sdution, or as 
an infusion over a period of time, (jenerally speaking, it is 
believed that the effective number of functional virus par- 
ticles to be administered would range from 1x10'° to 
60 5x10^^. 

Also, particularly where lung cancer is concerned, more 
direct physical targeting of &e recombinant adenovirus 
coiild be en[q>loycd if desired, in an axudogous manner jo the 
Intrstracheal administration of the cystic fibrosis traosmcm- 
65 tvaoe conductance r^;ulat<»- (Rosenfeld et al.. 1992). This 
would result in the delivery of recombinant p53 adenovirus 
doscr to die site of the target cells. 
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Methods 

In Silu dUTP labeling with TdT for detection of Apop- 
tosis. 

H358 spheroids wexe fixed on day 3 and stained as 
described in Example 7. Briefly, labeled TdT probes were 
contacted to slides immersed in TdT buffer and incubated 
with biotinylated dUTP and TdT at 37° C. for 45 min. The 
slides were covered with 2% bovine scium albumin for 10 
min and incubated with avidin-biotin complex fc«- 30 min. 
The caloriraetric detection was i>erformed using diamino- 
benzidine. 

Induction of apoptosis by CDDP after in vivo infection 
with Ad-p53. 

H358 cells (5x10*) in 0.) ml Hank's balanced sail sohi- 
tion were injected subcutaneously into the right flank of 
BALB/c female nu/nu mice. Thirty days later. 200 ^1 of 
medium alone or medium containing Ad-Luc (10® PFU/mJ) 
cr Ad-p53 (10* PFU/ml) was injected into tumon with a 
diameter of 5 to 6 nmi. Intraiumoral injection (1(X) pi) and 
perimmoral injection in two opposite sites (50 pi each) were 
performed. CDDP (3 nag/kg) or control physiological saline 
was given intraperitoneally. (A) Tumor volume changes. 
The tumors were measured with cai^>crs in two perpendicu- 
lar diameters without the knowledge of the freatment 
groups, and a tumor volume was calculated by assuming a 
spherical shape with the average tumor diameter calculated 
as the square root of the product of cross-sectional diam- 
eters. Five mice were used for each treatment group and the 
mean -f/- SB is shown. The data was analyzed using the 
Student's t-test The arrow shows the day of treatment TXvo 
independent determinations are shown. p<0.05 from day 5 in 
test 1; p<0.05 from day 7 in test 2. Histologic study using the 
TdT-mediaied Wotin-dUTP labeling technique. TXmiws were 
harvested 5 days after the beginning of treatment and 
immediately embedded into O. C. T. compound. Frozen 
tissues were cut in a cryostat at S-pm thicknesses. The 
sections were treated with 1 pg/ml proteinase K and stained 
as described above. All animal care was in accordance with 
Che UT M. D. Anderson Instimtional Animal Care and Use 
Committee. 
Results 

To demonstrate the in vivo efficacy of the methods and 
conq>ositioDS efficacy of a combination of gene replacement 
therapy and chemotherapy in human cancer, the inventors 
examined whether sequential administration of Ad-p53 and 
CDDP could induce q)opto6is in vivo. Following 3 days of 
direct intratunxmd injection of Ad-p53 or intrq>eritoneal 
adininistratioD ctf CDDP, H358 tumors implanted subcuta- 
neously in nu/nu mice showed a modest slowing of growth. 
However, if Ad-p53 and CDDP were simultaneously 
administered, tunoors paitiiiily regressed and the tumor size 
reniiained statistically significantly smaller than those in any 
of tfie other treatment groins. The growth inhibitory effect 
was even nKxre pronounced after two treatment cycles (FIG. 
13A). Histologic ctamiiiation revealed a massive destruc- 
tion of tumor cells in the area what Ad-p53 was injected in 
mice treittod with CDDP. In situ staining demonstrated many 
qxjptatic cdis around acellular spaces (FIG. 13B^). In 
contrast, tumors treated with C!DDP alone or Ad-pS3 alone 
showed ndtha aceUularity nor apc^itotic areas. 

In SDfxe detail, prefecred treatment protocc^ may be 
developed along the following lines. Patients may first 
tmdergo bronchoscopy to assess the degree of obstruction. 
As much gross tumor as possible should be resected endo- 
scopically. Patients should preferably undergo bronchos- 
copy under topical or general anesdiesia. A Stifcor™ trans- 
brondiial a^iiation needle (21 g) will be passed through the 



7.469 

32 

biopsy channel of the bronchoscope. The residual tumor site 
would then be injected with the p53 adenovirus in a small 
volume such as about 10 ml or less. 

In any event, since the adenovirus employed will be 

5 replication incon^tent. no deleterious effect of the virus 
itself on subject health is anticipated. However, patients 
would remain hospitalized during the u^almcnt for at least 
48 hours to monitor acute and delayed adverse reactions. 
Safety -related concerns of the use of replication deficient 
adenovirus as a gene transfer vehicle io humans have been 
addressed in the past (Rosenfeld et al.. 1992; Jaffe et al., 
1992). but the dose of adenovirus to be adniitiislcrcd should 
be appropriately nwnitored so as to further minimize the 
chance of untoward side effects. 
There are various criteria thai one shouid consider as 

*5 presenting the existence of a need for response or the 
existence of toxicity. To assist in determining the existence 
of toxicity, the mmor bed should be photographed prior to a 
course of therapy. The longest diameter and its perpendicu- 
lar will be measured. Size will be reported as the produa of 

20 the diameters. From these data, one can calculate from these 
numbers the rate of regrowth of the tumor. 

The time to progression can also be measured from the 
first observation with reduction in tumor bulk until there is 
evidence of progressive disease. Progressive Disease is 

25 defined as an increase of ^25% in the sum of the products 
of the diameters of the measured lesion. Patients must have 
received at least two courses of therapy before a dcsignatioD 
of progression is made. The survival of patients will be 
measured from entry into protocol. 

30 Follow-up examinations would include all those routinely 
employed in cancer therapy, including monitoring clinical 
signs and taking bt<^ies for standard and molecular bio- 
logical analysis in which the pattern of expression of various 
p53 genes could be assessed. This would also supply infOT- 

3S mation about the number of cells diat have taken up the 
transferred gene and about the relative promoter strength in 
vivo. Based on the data obtained adjustments to the treat- 
ment may be desirable. These adjustments might include 
adenovims constructs that use different promoters or a 

40 change in the number of pf u injected to ensure a infection of 
mcffe. or all. tumw cells without unphysiological overex- 
pression of the recombinant genes. 

It is contemplated that the expression of exogenous genes 
transferred in vivo by adenovirus can persist for extended 

45 periods of time. Therapeutically effective long-term expres- 
sion of viraliy transferred exogenous genes will have to be 
addressed on a case by case basis. Marker genes are limited 
in their useftdness to assess therapeutically relevant persis- 
tence of gene expression as the esquession levels required 

50 for the amdioration of any given genetic disorder might 
differ considerably from the level required to completely 
cure another disease. 

While the conqiositions and methods of this invention 
have been described in terms of preferred embodiments, it 

53 will be 2q)parcnt to those of skill in the art diat variations may 
be applied to ttie composition, melhods and in the steps or 
in the sequence of steps of the method described herein 
without departing from flie concept, spirit and scope of the 
invcntioD. More specifically, it will be qipaient that certain 

60 agents which are both diemically and physiological^ 
related may t>e substituted for the agents described herdn 
while the same or similar results would be achieved. All 
such similar substitutes and modifications apparent t those 
skilled in the art are deemed to be within the spirit, scope and 

65 conccptof the invention as defined t>y the appended claims. 
All claimed matter and methods can be made and executed 
witiiout undue experimentation. 
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SEQUENCE LJSTINO 



( I ) GENERAL INFCMIMATION: 

(ill > NUMBER SEQUENCES: 4 



( 2 )INP0RMAnON FURSEQU>NO:l: 

( i ) SEQUENCE CHARACTERISTICS: 
i A \ LENGTH: 19 base pairs 
f B ) TYPE: mxloc add 
{ C ) STRANMDNESS: single 
r D ) TOPOLOGY: finear 

( i i ) MOLECULE TYPE: DNA (gpocnuc) 

( X i ) SEQUENCE DESCRIPTION: SBQn> NO: 1: 



( 2 ) INFORMAnON F<» SEQ ID NO:2: 

( i ) SEQUENCE CHARACIERISTTCS: 
( A ) LENOTH: 20 base pain 
( B ) TlfPE: audcic Add 
( C ) STRAHramESS: unglc 
( D )J!C^<AJOOT.hm 

( i i ) M013:UIJB TITO DNA (acaomic) 

( X i ) SEQUENCE DESCRDniON: SBQ ID NO-.2: 

TTOTAACCAT TATAAOCTOC 



{ 2 )INPORMAnONF0RSEQIDNO-.3: 

( i )SBQUENCBCHARACraRISrnCS: 
( A )LENCnB: 20bawpnrf 
( B ) TYFG: middc add 
( C ) 5IRANDEDHESS: alasle 
( D )10POLOOYtfiiiea 

( i i > MOLECULE TYPE: DNA (ipaomic) 

( X i )S8QlffiNCBDBSCRIITION:SBQn>Na3: 

TCOTTTCTCA OCAOCTOTTO 



( 2 )[NF0RUiaK)NP0SlSEQIDNO:4: 

( i )Seq!UENCBC3iARACIEIUSrnCS: 
( A )LENata:30baaepein 
( B ) TYIC: Dockac sad 
( C ) smtANCeONBSS: uDgfe 
{ D ) TOPOLOOY: £aear 
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< i i ) MOLECULB TYPE: DNA tgcjKnmc) 

< I i ) SEQUENCE DESCRIPTION: SEQ ID N0:4: 
CATCTGAACT CAAAGCGTGG 



What is claimed is: to 26. The method of claim 25. wherein the viral vector i?. an 

1. A method of killing a tumor cell in a patient in need adenoviral vector 

thereof . comprising directly administering to said tumor cell 27. The method of claim 1. wherein ihe l^mor celi is 

therapeutically effective amounts of a viral vector and a contacted with a DNA damaging agent by irradiating the 

DNA damaging agent, wherein said viral vector comprises tumor cell with X-ray radiation. UV-iiradiation, y-irradiia'jon 

a DNA sequec encoding p53 operatively linked to a 15 or miaowaves. 

promoter, and wherein expression of said p53 and DNA 28. The method of claim 27, wherein the tumor celi is 

damage result in the killing of said tumor cell. contacted with a DNA damaging agent by irradiating the 

2. The method of claim 1. wherein said viral vector is tumor cell with X-ray radiation. 

selected from the group consisting of retrovirus, adenovirus. 29. The method of claim 28. wherein the x-ray dosage is 

herpesvirus, adeno-associaied virus and cytomegalovirus. 20 between 2000 and 6000 roentgens. 

3. The method claim 2. wherein the mraor cell is con- 30. The method of claim 28. wherein the x-ray -dosage is 
tacted with a pharmaceutical composition comprising a between 50 and 200 roentgens. 

DNA damaging compound. 31. The method of claim 27, wherein the tumor cell is 

4. The method of claim 3. wherein the DNA damaging contacted with a DNA damaging agent by irradiating the 
agent is cisplatia 25 tumor cell with UV-irradiation. 

5- The method of claim 4. wherein said cisplatin is 32. The method of claim 27. wherein the turaoi cell is 

administered at 20 mg/m^. . contacted with a DNA damaging agent by irradiating the 

6. Jhc method of claim 3. wherein the DNA damaging tumor cell with y-irradiation. 

agent is doxorubicin. 33. The method of claim 27, wherein the turner cell is 

7. TTie method of claim 6, wherein said doxorabicin is 30 contacted with a DNA damaging agent by irradiating the 
administered at 25-75 mg/m^. tumor cell with microwaves. 

8. The method of claim 3. wherein the DNA damaging 34. The method claim 1. wherein the tumor cell is 
agent is et(^slde. contat^d wiUi a DNA damaging agent by administering to 

9. The method of claim 8, wherein said etc^side is the patient a pharmaceutical composition comprising a DNA 
administered at 35-50 mg/!m^. 35 damaging conqxMind. 

The method of claim 3. wherein the DNA damaging 35. The method of claim 1. wherein said viral vector is 

agent is verapamil. administered prior to said DNA damaging agent. 

11. TTic method of claim 3, wherein the DNA damaging 36. The method of claim I. wherein said viral vector is 

agent is podophyllotoxin. administered after said DNA damaging agent 

IX The method of daim 3, wherein the DNA damaging 40 37. The metfiod of claim 1. v^erein said viral vector is 

agent is 5-FU- admuustercd at tiie same time as said DNA damaging agent 

13. The method of daim 12» wherein said 5-FU is 38. The method of claim I, wherein said viral vector is 
administered at 3-15 mg/kg. delivered endoscopically. intravenously, intratracheally. 

14. The method of claim 2. wherein said viral vector is a Intralcsionally. percutancously or subcutaneousty. 
rctrovirsd vector. 45 39. The method of claim 1, wherein said mmcr is located 

15. The method of daim 2, wherein said viral vector is an in a resected tumor bed. 

adenoviral vector: 4f. The method of claim 1. wherein said administering is 

16. The method of daim 15. wherein the amount of repeated. 

adenoviral vector is 1x10^ to 1x10^^ pfu. 41. The method of daim 1 wherdo said tmnor cdl is a 

17. The n^ttiod cf claim 16. wherein said amount is so lung cancer cell. 

5x 1 0^ plu. 42. Tlie method of claim 41, wherein said lung cancer cdl 

18. The mediod of claim 16, wherein said anoount is is non-snoall cdl long carcinoma cell. 

2x10^ pfii. 43. The method of daim 42. wherein said Don-small cdl 

19. The method of daim 2, wherein said viral vedcr is a lung cardnoma cdl is a sqamous carcinoma cell, 
bopesvirai vector. 55 44. The method of daim 42, wherein said oon-small cell 

it. The method of daim X vfherdn said viral vectcu* is an lung cardnoma cell is an adenocarcinoma cdL 

adeno^sodated viral vecton 45, The method of daim 42, wherein said Doo-small cdl 

2LThemetbodof daim 2, wherein said viral vector is a lung cardnoma cdl is a laige-cell undiffoentiated card- 

cytomegaloviral vector. nonoa cdL 

22. The method of daim 1, i^^ocin said promoter is a 60 46. Hie method ofclaim 41. wherein said lung cancer cdl 
constltutives promoter. is a small cdl lung cardnoma cdL 

23. The method of daim 22. wherdn the promoter is 47. The method of daim 1. wherein said tmnor cdl is an 
selected from the group consisting of SV40. CMV and RS V. epithelial tumor cdl 

24w The method of claim 23, wherdn the promoter is the 48. The me&od of claim L wherdn said tumor cdl is a 

C\fV IB promoter. 65 breast cancer cell 

25. The method of claim 24, wherein the viral vector 49. The method of claim 1, herein said viral vector is 

further oon^mses a pdyadeiiylation signal administered in about 0.1 ml 
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50. The method of claim 1. wheiein said viral vector is 77. The method of claim 68. wherein the DNA damaging 
adxmnistercd in about 10 mi. agent is 5-FU. 

51. A method of treating cancer in a cancer patient, 78. The method of claim 77. whercm said 5-FU is 
comprising directly administering to a tumor site therapeu- administered at 3-15 mg/kg. 

ticaUy effective amounts of a viral vector and a DNA 5 79. The method of claim 51. wherem said viral vector is 

damaging agent wherein said viral vector comprises a DNA administered prior to said DNA damaging agent, 

sequence encoding p53 operatively linked to a promoter, and 80. The method of claim 79. wherein the period between 

wherein expression of said p53 and DNA damage result in administration of the viral vector and DNA damagmg agent 

treatment of said cancer. is between 12 and 24 hours. 

5X The method of claim 51, wherein said viral vector is 81. The method of claim 79. wherein the period between 

selected from the group consisting of retrovirus, adenovirus. administration of the viraJ vector and DNA damaging agcni 

herpesvirus, ade no- associated vims and cytomegalovirus. is between 6 and 12 hours. 

53. The method of claim 52. wherein said viral vector is 82. The method of claim 79. wherein the period between 
a retroviral vector. administration of the viral vector and DNA damaging agcni 

54. The method of claim 52, wherein said viral vector is is about 12 hours. 

an adenoviral vector. 83. The method of claim 51, wherein said virai vector is 

55. The method of claim 54, wherein the amount of adjninistcred after said DNA danciaging agent, 
adenoviral vector is 1x10^ to IxlO*^ pfu. g4 xhe method of claim 83, wherein the period between 

56. The method of claim 55. wherein said amount is administtation of the DNA damaging agent and viral vector 
5x10^ pfu. 15 between 12 and 24 hours. 

57. The method of claim 55, wherein said amount is 20 ^ jhe method of claim 83, wherein the period between 
2x 10^ pfu. administration of the DNA damaging agent and viral vector 

58. The method of claim 52. wherein said viral vector is between 6 and 12hours. 

a heq)csviral vector. method of claim 83, wherein the period between 

59. The method of claim 52. wherein said viral vector is administration of the DNA damaging agent and viraJ vector 
an adeno-assodated viral vectOT. 25 ^^^^ ^2 hours. 

60. The method of claim 52. wherein said viral vector is method of claim 51. wherein said viral vector is 
a cytomegaloviral vector. administered at the same time as said DNA damaging agent. 

61. The method of claim 51, wherein the tumor site is ^ method of claim 51. wherein said viral vector is 
contacted with a DNA damaging agent by irradiating the delivered endoscopicaliy, intravenously, intratracheally, 
tumor site with X-ray radiation, UV-irradiation, 7-irradiatton 3C jntralesionaUy, percutaneously or subcutaneously. 

or microwaves. 99 -j^^ method of claim 51, wherein said tumor site is a 

6Z The method of claim 61, wherein the tuma: site is resected tumor bed. 

contacted with a DNA damag;ing agent by irradiating the ^ ^ method of claim 51. wherein said administration 

tumor site with X-ray radiation. repeated. 

63. The method of claim 62, wherein the x-ray dosage is 35 ^ method of claim 51. wherein said cancer is a lung 
between 2000 and 6000 roentgens. 



cancer. 



64. The method of claim 62, wherein the x^ay dosage is method of daim 91, wherein said lung cancer is 
between 50 and 200 roentgens. ^ non-smaU cell lung cardnoroa cancer. 

65. The method of claim 61, wherein the tumor site is ^3 method of daim 92. wheiein said noo-smaU cell 
contacted with a DNA danaaging agent by irradiating the 40 ^^^^ carcinoma cancer is a squamous carcinoma cancer. 
mmoT site with UV-irradiation. ^ method of daim 92» wherein said non-small cell 

66. The method of claim 61, whcrdn the tumor site is ^ carcinoma cancer is an adenocarcinoma cancer, 
contacted with a DNA (bmaging agent by irradiating the ^ ^ mettiod of claim 92, wherein said non-small ceU 
tumor site with Y-inadiation. jmjg carcinoma cancer is a large-cell undifferentiated carci- 

67. The method of claim 61. wherdn the tumor site is 45 canca. 

contacted witti a DNA damaging agent by iiradiating the ^ miethod of daim 91, wherein said Uing cancer is 

tumor site with microwaves. ^ ^ j^^g carcinoma cancct 

6a The method claim 51, wherein the tumor site is 97 The mediod of claim 51. wherein said cancer is an 

contacted with a DNA damaging agent by admninistCTing to epithelial cancci. 

tiie patient a a jAaimaeutical conqwsition conqmsing a SO j^g xhe method of daim 51, whaetn said canccir is breast 

DNA damaging compound. cancer. 

69. The method of daim 68, wherein the DNA damaging ^ method of daim 51 . wherein said viral vector is 

con^nd is dsplalia .... administered io about 0.1 mL 

7%. The method of daim 69, whcrdn said cisplatin ts ^ method of claim 51. wherein said viral vcaor is 

administered at 20 mg/m . 55 a^jn^^jed in about 10 ml. 

7L The method of daim 68. whcrcan the I^A damaging ^ method of daim 2, wherein said jHonaotcr is a 

agent is doxouHon. _ ^ ^ ^ . coDstitutivcs promoter. 

72. The method of claim 71, wherein said etqw^de is ^ method of daim 101. wherein said jMomotcr is 
administered at 35-50 nigfm\ selected from the group consisting of SV40, CMV and RSV. 

73. The method of daim 72. wherein said doxonibicm is a jf^ mc&od of claim 102, whcrdn die prwnota is 
administered at 25-75mg/m . jg promoter. 

74. pe method cf daim 68. v/hnan the DNA damaging mctiiod of daim 103, wherein the viral vector 
agent is etoposide. further comprises a polyadcnylation signaL 

75. The method of daim 68. wherdn the DNA damagmg mc&od of claim 104. whracin the viral vector is 
agent is verapamil. ^ r^vxA ^ • ^ an adenoviral vcctot 

76. The method of daim 68. v^erean tte DNA damaging 

agent is podophyllotoxin. ♦ * . * * 
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ABSTRACT Induction of terminal differentiation repre- 
sents a promising therapeutic approach to certain human 
malignancies. The peroxisome proliferator-activated receptor 
y (PPARy) and the retinoid X receptor a (RXRa) form a 
heterodimeric complex that functions as a central regulator of 
adipocyte differentiation. Natural and synthetic ligands for 
both receptors have been identified. We demonstrate here that 
PPARy is expressed at high levels in each of the major 
histologic types of human liposarcoma. Moreover, primary 
human liposarcoma cells can be induced to undergo terminal 
differentiation by treatment with the PPARy ligand pioglita- 
zone, suggesting that the differentiation block in these cells 
can be overcome by maximal activation of the PPAR pathway. 
We further demonstrate that RXR-specific ligands are also 
potent adipogenic agents in cells expressing the PPARy/ 
RXRa heterodimer, and that simultaneous treatment of lipo- 
sarcoma cells with both PPARy- and RXR-specific ligands 
results in an additive stimulation of differentiation. Liposar- 
coma cell differentiation is characterized by accumulation of 
intracellular lipid, induction of adipocyte-specific genes, and 
withdrawal from the cell cycle. These results suggest that 
PPARy ligands such as thiazolidinediones and RXR-specific 
retinoids may be useful therapeutic agents for the treatment 
of liposarcoma. 



Liposarcoma is the most common soft tissue malignancy in 
adults, accounting for at least 20% of all sarcomas in this age 
group (1). Multiple histologic subtypes of liposarcoma are 
recognized, including well differentiated, dedifferentiated, 
myxoid, round cell, and pleomorphic. The histologic subtype is 
predictive of both the clinical course of the disease and the 
ultimate prognosis (2). Localized disease is treated primarily 
with surgery, often in combination with radiotherapy. Meta- 
static liposarcoma is associated with an extremely poor prog- 
nosis, with average 5-year survivals ranging from 70% to 25% 
depending on the type of tumor. Conventional chemotherapy 
for metastatic liposarcoma leads to complete response in only 
about 10% of cases, and thus for most patients is largely 
palliative (3, 4). 

Induction of terminal differentiation represents a promising 
alternative to conventional chemotherapy for certain malig- 
nancies. For example, the retinoic acid receptor a, which plays 
an important role in the differentiation and malignant trans- 
formation of cells of the myelocytic lineage, has been used as 
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a target for intervention in acute promyelocytic leukemia (5, 
6). Differentiation therapy with all-trans retinoic acid has 
become the standard of care for this disease. Nuclear receptors 
that regulate growth and differentiation of other cell types may 
also represent potential targets for differentiation therapy. 

The nuclear receptor peroxisome proliferator-activated re- 
ceptor y (PPARy) plays a central role in the process of 
adipocyte differentiation. This receptor and its heterodimeric 
partner retinoid X receptor a (RXRa) form a DNA-binding 
complex that regulates transcription of adipocyte-specific 
genes (7-11). Expression and activation of PPARy in fibro- 
blastic cells triggers the adipocyte gene expression cascade and 
leads to the development of the adipose phenotype (12). The 
thiazolidinedione class of antidiabetic drugs and the nuclear 
prostanoid 15-deoxy-A12,14-prostagIandin J2 have recently 
been identifled as ligands for PPARy (13-15). Members of the 
C/EBP family of transcription factors have also been shown to 
promote adipocyte differentiation (16, 17), and recent evi- 
dence suggests that the adipogenic activity of some C/EBP 
family members is at least in part related to their ability to 
induce PPARy expression (18). 

All-trans retinoic acid is known to be an effective inhibitor 
of adipocyte differentiation (19, 20). Experiments using re- 
ceptor-specific agonists have indicated that this effect is me- 
diated primarily by the retinoic acid receptor a. The PPARy 
partner RXRa, which binds 9-cis retinoic acid but not all-trans 
retinoic acid, responds to a distinct retinoid signaling pathway 
(21, 22). While studies have suggested that the transcriptional 
activity of the PPAR/RXR heterodimer is maximal in the 
presence of both PPAR and RXR activators (7, 8), it is not 
known how the binding of an RXR ligand modulates the 
adipogenic activity of the PPARy/RXRa complex. 

We report here that PPARy is expressed consistently in each 
of the major histologic types of human liposarcoma, and that 
primary human liposarcoma cells can be induced to undergo 
terminal differentiation in vitro by treatment with thia- 
zolidinediones and RXR-specific retinoids. Ourresults suggest 
that these compounds may be useful as differentiation therapy 
for liposarcoma. 

MATERIALS AND METHODS 

Tissue Samples and Cytogenetics. Normal human tissues, 
iiposarcomas, and other soft tissue sarcomas were obtained 
from surgical cases at the Brigham and Women's Hospital 
(Boston). All tissue samples were taken from homogeneous 
and viable portions of the resected sample by the pathologist 
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and frozen within 10 min of excision. Hematoxylin- and 
eosin-stained sections of each soft tissue sarcoma were re- 
viewed by a single pathologist (C.D.M.F.) and classified ac- 
cording to histologic type and grade. Histologic classification 
was based solely on morphologic pattern recognition using 
conventional diagnostic criteria. For cytogenetic analysis tu- 
mors were disaggregated with collagenase and harvested after 
3-7 days of culture in T25 flasks (23). Metaphase cells were 
analyzed by trypsin-Giemsa (24) and quinacrine mustard 
banding (25). 

Cell Culture and RNA Analysis. Primary liposarcoma cells 
were isolated from selected freshly harvested tumors as de- 
scribed (refs. 3 and 25, and references therein). Primary cells 
were cultured in 60-mm dishes in RPMI 1640 medium con- 
taining 15% Cosmic Calf Serum (HyClone), 20 ftg/ml bovine 
pituitary extract (Collaborative Research), and 5 /ig/ml insu- 
lin. Pioglitazone (Upjohn), troglitazone (Parke-Davis/ 
Warner-Lambert), BRL49653 (Biomol, Plymouth Meeting, 
PA), and LG268 (Ligand Pharmaceuticals, La Jolla, CA) were 
dissolved in dimethyl sulfoxide and applied to cells in less than 
0.1% of the media volume. The NIH PPAR7 and NIH vector 
cells were derived by retroviral infection and cultured as 
described (12). Differentiated cells were fixed and stained for 
neutral lipid with oil red O (26). BrdUrd labeling was per- 
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Fig. 1. Expression of PPARy mRNA in human tissues (^4), human 
liposarcomas (B), and other soft tissue sarcomas (C). Total RNA (15 
ptg per lane) was isolated from human tumors, electrophoresed 
through formaldehyde-containing agarose gels, blotted to nylon, and 
hybridized with 32p-|abeled hPPARy cDNA Equivalent amounts of 
intact RNA was run in each lane as indicated by hybridization to a 
36B4 cDNA probe (not shown). MPNS, malignant peripheral nerve 
sheath tumor; MFH, malignant fibrous histiocytoma. 



formed using the 5-bromo-2'-deoxyuridine Labeling and De- 
tection Kit II (Boehringer Mannheim), according to the 
manufacturers' instructions. RNA isolation and Northern blot 
analysis was carried out as described (8). 

RESULTS 

PPAR7 is expressed at high levels in the adipose tissues of 
mouse and rat (8, 27). To determine the tissue distribution of 
this receptor in humans, we performed Northern blot analysis 
of RNA prepared from a variety of human tissues. As shown 
in Fig. L4, human PPAR-y is expressed at predominantly in 
adipose tissue and at lower levels in several other tissues. 

Tumorigenesis frequently involves the inactivation or down- 
regulation of genes responsible for initiating and maintaining 
a differentiated phenotype. As PPARy appears to play a 
central role in the adipocyte differentiation process, we ex- 
amined the expression of this receptor in a series of human 
liposarcomas. This series included RNA prepared from each of 
the three major histologic subtypes of liposarcoma: well dif- 
ferentiated/dedifferentiated, myxoid/round cell, and pleo- 
morphic. The histologic and cytogenetic characteristics of each 
tumor are given in Table 1. For the most part, the well 
differentiated/dedifferentiated tumors exhibited ring chromo- 
somes and giant marker chromosomes, the myxoid/round cell 
liposarcomas exhibited the characteristic t(12;16)(ql3pll) 
translocation, and the pleomorphic forms exhibited complex 
rearrangements (28-30). Surprisingly, despite their block in 
differentiation, each liposarcoma examined was found to 
express significant levels of PPAR7 RNA, comparable to that 
of normal fat (Fig. IB), These results suggest that most if not 
all liposarcomas have been transformed at a point in the 
differentiation process after induction of PPARy expression. 
In contrast, PPAR7 RNA was not expressed at significant 
levels in any other type of soft tissue sarcoma examined 

Table 1. Histologic and cytogenetic characteristics of 
human liposarcomas 









Cell 


Tumor 


Histology 


Cytogenetics 


culture 


107SP 


Well differentiated 


47-48,XX,+l-2mars 


NA 


115SP 


High grade myxoid/ 
round cell 


80-91,XXXX,t(12; 
16)(ql3;pll)x2 


NA 


116SP 


High grade, pleomorphic, 
and myxoid areas 


ND 


NA 


200SP 


High grade, mixed 
pleomorphic/round 
cell 


ND 


NA 


203SP 


Well differentiated 


48.50,XY,del(16) 
(q36),+2-4 r 


LS175 


204SP 


Well differentiated 


48,XX,add(7)(q36), 
del(ll)(pl3),+2 
mars 


LS857 


P144 


Well differentiated 


48,XX,+2r 


NA 


P147 


Well differentiated, 
lipoma-like, sclerosing 


46-49,XX, 

add(9)(q34).+l- 
2r, +1-2 mars 


NA 


P154 


Atypical lipoma/well 
differentiated liposarc 


ND 


NA 


P155 


Intermediate grade, 
myxoid > round cell 


46,XY,t(12;16)(ql3; 
pH) 


LS707 


P156 


Intermediate grade, 
round cell > myxoid 


49XY,+del(l)(p32), 
+2,+8,t(12;16) 
(ql3;pll) 


NA 


P158 


Well differentiated 


ND 


NA 


P160 


Well differentiated with 
dedifferentiated areas 


43-49,XX,add 
(l)(q43),-n, 
-13,- 13, + 1-3 r 


NA 



ND, not determined; NA, not available 
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Fig. 2. Pioglitazone induces differentiation of cultured human liposarcoma cells. Primary LS857 {A and B) and LS707 (C and D) cells were 
isolated and cultured in 60-mm dishes. At confluence, cells were cultured for 7 days in the presence {B and D) or absence {A and C) of 10 ^iM 
pioglitazone. After an additional 4 days of culture, cells were fixed and stained with oil red O. (X40.) 



including leiomyosarcoma {n = 4), fibrosarcoma {n = 1), 
angiosarcoma (n = 1), malignant peripheral nerve sheath 
tumor (n = 1), or malignant fibrous histiocytoma (n = I) (Fig. 
IC). Thus, PFARy may be a sensitive marker for distinguishing 
liposarcoma from other histologic types of soft tissue sarcoma. 

The thiazolidinedtone antidiabetic drugs have recently been 
identified as ligand activators of murine PPARy (13, 15). In 
data not shown, we have found that the thiazolidinediones are 
also effective activators .of human PPAR7, and their relative 
potency parallels their potency as insulin sensitizing agents in 
vivo: BRL49653 > troglitazone > pioglitazone. These results 
are consistent with the hypothesis that PPAR7 mediates the 
antidiabetic action of these compounds in humans. 

Liposarcomas have presumably acquired one or more ge- 
netic defects that interfere with the course of normal adipocyte 
development. The observation that PPAR-y is expressed con- 
sistently in these tumors raised the possibility that the malig- 
nant cells might be forced to complete the differentiation 
program by maximally activating the PPAR7 pathway with 
thiazolidinedione ligand. To address this possibility, primary 
cells isolated from three human liposarcomas were cultured in 
vitro. Primary cell strains LS857 and LS175 were derived from 
well differentiated liposarcomas and LS707 was derived from 
an intermediate grade myxoid/round cell liposarcoma (Table 
1). High grade pleomorphic liposarcoma cells could not be 
expanded to sufficient numbers to permit studies of differen- 
tiation, cytogenetic analysis confirmed that the karyotype of 
the cells in each culture was characteristic of the parent 
liposarcoma. 

When cultured in the presence of fetal bovine serum and 
insulin, conditions permissive for adipocyte differentiation, all 
three cell strains maintain a fibroblastic morphology. When 
cultures were treated for 7 days with 10 of the PPAR7 
ligand pioglitazone, the cells readily accumulated lipid and 
adopted a morphology characteristic of mature cultured adi- 
pocytes (Fig. 2 and data not shown). The degree of morpho- 
logically recognizable differentiation varied from 40% in the 
LS857 cells to 75% in the LS175 cells. After induction for 7 
days with thiazolidinedione, cells maintained their differenti- 



ated morphology even when pioglitazone was withdrawn. This 
experiment was performed at least twice with each cell strain 
with similar results. No differentiation was observed with 
cultured primary leiomyosarcoma cells, which do not express 
PPAR7 (not shown). 

Previous work has suggested that maximal transcriptional 
activity of the PPAR/RXR heterodimer is achieved when both 
receptors are bound by their respective ligands (7, 8, 27). We 
hypothesized that simultaneous exposure of competent cells to 
both PPAR7 and RXR-specific ligands might provide a stron- 
ger adipogenic signal than a PPAR7 ligand alone. The ability 
of the RXR-specific ligand LG268 to promote adipocyte 
differentiation was investigated using NTH 3T3 fibroblasts that 
express PPAR7 from a retroviral vector (12). We have previ- 
ously shown that wild-type NIH 3T3 cells express RXRa but 
not PPAR7. As shown in Table 2, treatment of confluent NIH 
PPAR7 cells for 7 days with 50 nM LG268 resulted in 
significant stimulation of adipocyte differentiation, compara- 
ble to that seen with 7 days of treatment with 1 /iJVl pioglita- 
zone alone. Simultaneous exposure to both activators resulted 
in an additive effect. LG268 had no effect on NIH vector cells, 
indicating that the adipogenic activity of this compound, like 
that of pioglitazone, is dependent on the presence of PPAR7. 
.Similar results were obtained with the preadipocyte cell lines 



Table 2. Thiazolidinedione and RXR-specific retinoids stimulate 
differentiation of PPART-expressing fibroblasts 







% lipid containing cells 


Cell line 


No activator 


+P10 +LG268 +PIO+LG268 


NIH vector 


0 


0 0 <1 


NIH PPAR7 


2.5 


55-75 50-65 >90 



NIH vector and NIH PPAR7 cells were treated at confluence for 7 
days with no activator, 1 fiM pioglitazone alone, 50 nM LG268 alone, 
or 5 tiM thiazolidinedione and 50 nM LG268 as indicated. After an 
additional 4 days of culture cells were fixed and stained with oil red O. 
Data are presented as the range of morphologically recognizable 
differentiation observed for each cell line over three separate exper- 
iments. 
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3T3-L1 and 3T3-F442A, which express both PPAR7 and 
RXRa (data not shown). Northern blot analysis confirmed 
that pioglitazone and LG268 had an additive effect on the 
induction of the adipocyte-specific genes aP2 and adipsin in 
NIH PPARy cells (Fig. 3). 

We next examined the ability of LG268 to promote differ- 
entiation of human liposarcoma cells. As shown in Fig. 4, 
treatment of LS857 cells for 7 days with 100 nM LG268 led to 
a significant degree of adipocyte differentiation, similar to that 
seen with 10 ^xM pioglitazone alone. When LS857 cells were 
treated simultaneously with LG268 and either pioglitazone or 
BRL49653, an additive effect on differentiation was observed. 
Expression of adipocyte-speciHc markers in these cells was 
confirmed by Northern blotting (Fig. 3). LS857 cells, like the 
tumor from which they were derived, express PPARy mRNA 
(c.f., Fig. LB, tumor 204SP). Treatment of LS857 cells with 
pioglitazone leads to the induction of the mRNAs encoding 
aP2 and adipsin (Fig. 3). Simultaneous treatment with piogli- 
tazone and LG268 results in an additive effect. In summary, 
treatment of LS857 cells with thiazolidinediones and RXR- 
specific retinoids leads to changes in morphology and gene 
expression consistent with terminal adipocyte differentiation. 

Terminal differentiation of white adipocytes in vitro and in 
vivo is characterized by permanent withdrawal from the cell 
cycle. A critical question is whether thiazolidinedione-induced 
differentiation of liposarcoma cells is accompanied by growth 
arrest. To address this issue, LS857 cells were cultured in the 
presence or absence of pioglitazone. Following induction of 
morphologic differentiation, pioglitazone was withdrawn. Af- 
ter 48 hr of continued culture in the absence of pioglitazone, 
cells were labeled for 48 hr with BrdUrd. In the two experi- 
ments presented in Table 3, 26-34% of the cells contained 
visible cytoplasmic lipid, and 40-51% of the cells in this culture 
stained positive for BrdUrd incorporation by light microscopy. 
However, of those cells containing lipid, only 3-4% stain 
positive for BrdUrd. These results demonstrate that thiazo- 
lidinedione-induced differentiation of LS857 cells leads to cell 
cycle withdrawal. 

NIH-PPARY LS857 




Fig. 3. PPARy- and RXR-specific ligands induce expression of 
markers of terminal adipocyte differentiation in PPARy^xpressing 
fibroblasts and human liposarcoma cells. NIH PPARy and LS857 cells 
were treated for 7 days with no activator, pioglitazone alone, LXj268 
alone, or pioglitazone and LG268 as indicated (both). Total RNA (10 
fig per lane) was blotted to nylon and hybridized with ^^P-labeled 
human or murine PPARy, aP2, and adipsin cDNA Equivalent 
amounts of intact RNA were run in each lane as indicated by 
hybridization to a 3634 cDNA probe (not shown). TWo PPAR7 
transcripts are present in NIH PPARy cells, the viral transcript 
(Upper) and the endogenous transcript (Lower). 




Fig. 4. Induction of differentiation in human liposarcoma cells by 
thiazolidinediones and RXR-specific retinoids. LS857 cells were 
treated at confluence for 7 days with no activator, 5 ;iM thiazolidinedi- 
one (BRL 49653 or pioglitazone), 50 nM LG268, or both as indicated. 
After an additional 4 days of culture cells were fixed and stained with 
oil red O. Macroscopic view of the 60-mM culture dishes is shown. 

DISCUSSION 

Terminal differentiation of most specialized cell types, includ- 
ing white adipocytes, is linked to cell cycle withdrawal. Tu- 
morigenesis is characterized by a loss of cell cycle control and 
a concordant block in the differentiation program. We have 
demonstrated here that most human liposarcomas express 
high levels of the adipocyte regulatory complex PPAR-y/ 
RXRa and that PPAR7- and RXRa-specific ligands are able 
to trigger terminal differentiation of primary human liposar- 
coma cells in vitro. These results suggest that the developmen- 
tal defect in most liposarcomas is downstream of PPARy 
expression, and that in at least some tumor cells this devel- 
opmental block can be overcome by maximal activation of the 
PPAR7 pathway. 

While the precise nature of the developmental defects in 
liposarcoma is not yet clear, it is likely these defects ultimately 
lead to the inactivation or antagonism of one or more adipo- 
cyte transcriptional regulatory proteins. Members of both the 
C/EBP and PPAR transcription factor families have been 
shown to play central and complementary roles in adipogenesis 
in murine models (16, 18, 31-33). Interestingly, the C/EBP 
family has previously been implicated in the pathogenesis of 
human myxoid liposarcoma through the characterization of 
the t(12;16) translocation associated with this tumor. This 
rearrangement fuses the gene for the C/EBP family member 
CHOP on chromosome 12 to that of the RNA-binding protein 
TLS on chromosome 16 (34). The precise mechanism whereby 



Table 3. Differentiation of LS857 cells by thiazolidinediones and 
RXR-specific retinoids leads to cell cycle withdrawal 





Control 


PIO/268 1 


PIO/268 2 


Cells counted 


500 


510 


595 


BrdUrd + (%) 


232 (46) 


173 (34) 


156 (26) 


Lipid + (%) 


0 


204 (40) 


233 (51) 


BrdUrd + lipid + (%) 


NA 


22 (4) 


17(3) 



LS857 cells were cultured in the presence or absence of pioglitazone. 
Following induction of morphologic differentiation, pioglitazone was 
withdrawn. After 48 hr of continued culture in the absence of 
pioglitazone, cells were labeled for 48 hr with BrdUrd, stained, and 
visualized miCTOSCOpically. NA, not available. 
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TLS/CHOP contributes to differentiation arrest and tumori- 
genesis, however, remains to be elucidated. 

The impact of RXR-specific activators on adipocyte differ- 
entiation has not been addressed previously. We have dem- 
onstrated that RXR-specific retinoids can function as adipo- 
genic regulators through activation of the PPARy/RXRa 
heterodimer, and that the adipogenic activity of the het- 
erodimer is maximal when both receptors are bound by their 
respective ligands. Given that PPAR-y is likely to be the 
biologic receptor mediating the insulin-sensitizing effects of 
the thiazolidinediones, this observation suggests that RXR- 
specific ligands may also have insulin-sensitizing activity in 
vivo. Moreover, the insulin-sensitizing effects of thiazolidinedi- 
one ligands for PPARy might be enhanced by simultaneous 
administration of an RXR-specific ligand. 

This study has important implications for the pharmacologic 
management of liposarcoma in humans. Despite conventional 
multimodality therapy, 25% to 75% of patients with advanced 
liposarcoma will die from their disease within 5 years. Our 
results suggest that the thiazolidinedione class of antidiabetic 
drugs and RXR-specific retinoids may be useful as a nontoxic 
alternative to conventional chemotherapy for the treatment of 
disseminated or locally advanced liposarcoma. Members of the 
thiazolidinedione class of drugs have undergone extensive 
preclinical testing as antidiabetic agents. Troglitazone is cur- 
rently in phase three clinical trials in the United States, and 
studies have supported its usefulness in non insulin-dependent 
diabetes mellitus (31). Although certain thiazolidinediones 
have been associated with some degree of toxicity in long-term 
use as insulin sensitizing agents, this should not preclude their 
use as antineoplastic agents because conventional chemother- 
apy is associated with far greater toxicity. The ability of 
thiazolidinediones and RXR-specific retinoids to induce dif- 
ferentiation of liposarcoma cells in vitro strongly suggests that 
these compounds may also be able to stimulate differentiation 
and growth arrest of human tumors in vivo. Finally, although 
expression of PPARy is most prominent in fat, it is known to 
be expressed at some level in select other cell types such as liver 
and hematopoietic cells (8, 36-38). If PPAR7 also plays a role 
in the regulation of growth and differentiation of these tissues, 
then this receptor may represent a target for therapeutic 
intervention in other human malignancies as well. 
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The Pathology B and Experimental Thcrapcutics-2 study 
sections sponsored a workshop devoted to recent advances in 
gene therapy and translational research relevant to cancer. The 
workshop was highlighted by a historical perspective of gene 
therapy by Dr. Theodore Friedman (University of California, 
San Diego, CA). The opening remarks that human gene therapy 
is not a current success set the tone for a rigorous examination 
of this approach to cancer treatment There are currently ap - 
proximately 300 approved gene therapy trials. 188 of which 
J f ^volve c nnrpr hin lpgy or thcrapv . Gene therapy is defined as 
the ability to treat disease at the level of the underlying gene 
defect, whether it is applied to cure genetic diseases, target 
somatic cells with single gene defect, or treat complex diseases 
or nongenetic diseases such as AIDS. The obstacles surrounding 
effective human gene therapy have been studied by the Orkin- 
Motulsky Committee commissioned by Dr. Harold Varmus. 
director of the NIH (Bethcsda, MD). This committee found 
human gene therapy to be an immature science with limited 
understanding of gene regulation and disease models for pre- 
clinical studies. Reconunendations are to set high standards for 
clinical studies, encourage and support interdisciplinary studies, 
and focus on basic issues of molecular virology. This workshop 
reviewed some recent advances in gene delivery, gene expres- 
sion, immune manipulation, and the development of molecular 
targets and stressed that all of these fields will need further 
advancement to make gene therapy a reality . 

As an example of the promise and pitfalls of gene therapy, 
the pioneering work of Anderson and Blaese was reviewed by 
Dr. Theodore Friedman, and recent studies were reviewed by 
Dr. Donald Kohn (Children's Hospital Los Angeles, University 
of Southern California School of Medicine, Los Angeles, CA). 
Although the transduction of the ADA"' gene into the lympho- 
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cytes of patients afflicted by inununodeficiency by Anderson 
and Blaese was accomplished, the data indicate that no thera- 
peutic effect has been gained from this initial study. In a clinical 
trial started in 1993. three infants with ADA-deficient SCID 
were given autologous umbilical cord blood CD34'*" (CD34 is a 
marker associated with hematopoietic stem) cells transduced 
with normal human ADA cDNA. The patients were also treated 
weekly with i.m, PEG-ADA. Four years later, they continue to 
produce leukocytes containing ADA cDNA, with approximately 
100-fold higher frequencies of gene-containing T lymphocytes 
(1-10%) than other lineages (0.01-0.1%). In the sunrmier of 
1997, the investigators stopped the PEG- ADA replacement for 
one patient; multiple laboratory and clinical parameters of im- 
mune function declined during the 2-month period, and PEG- 
ADA treatment was reinstituted. 

This scientific "proof of principle" but clinical defeat 
clearly showed that more work was necessary on vector engi- 
neering for greater transduction efficiency and gene expression. 
As such, work to improve vectors for gene delivery has recently 
offered some promises. These include the improvement of ret- 
roviral vectors through pseudotyping. That is, by engineering 
the VSV-G glycoprotein on the surface of retroviral particles, 
retroviruses are able to effectively enter the lipid membrane of 
cells through an unknown mechanism. Other recent advances in 
the development of improved viral vectors were discussed by 
Dr. Inder Verma (The Salk Institute, La Jolla, CA). who re- 
viewed some of the evolution of gene therapy from the perspec- 
tive of the effort to correct the coagulation factor IX deficiency 
as a gene therapeutic model. Initial studies with retroviral vec- 
tors expressing factor IX in fibroblasts resulted in only short- 
term expression. Expression in myoblasts was achieved through 
the use of muscle-specific creatine kinase enhancer promoter 
sequences, with high levels of factor IX production lasting for 
up to 2 years when transduced myoblasts were implanted into 
nude nfiice. However, when the same approach was taken with 
factor IX-deficient dogs, the dog myoblasts transduced with 
factor IX-expressing adenoviruses ceased to produce factor DC 
after 20 days in vivo. It became readily apparent that the immu- 
nocompetent anirhals mounted a brisk antibody and cellular 
immune response to the viruses and transduced cells, thereby 
eliminating the expression of factor IX. Other models using 
adenoviral vectors have succumbed to sinular limitations by the 
host immune response to adenoviruses. Thus, new vectors are 
needed to circumvent these limitations. 

An ideal vector is expected to: (a) be available at high 
titers; {b) be convenient; (c) be reproducible; and (d) confer no 
immune responses. The Antiviruses, such as HIV, have been 
exploited to provide these characteristics. In particular, Dr. 
Verma described a vector producing viral particles in which the 
surface gpl20 of HIV has been replaced by the VSV-G protein 
that allows entry into cells. The HIV-based vectors are able to 
transduce genes into cells independent of their growth status. 
Recent studies have demonstrated that the HIV-based vectors 
are capable of conferring the ectopic expression of genes in 
neuronal cells of the central nervous system, and there has been 
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Some of the problems of high efficiency transfecuon might 
become less important if the introduced gene were in a renewable 
stem ceil or if its expression conferred a survival benefit Dr. 
Kenneth Cowan (Medicine Branch, National Cancer Institute. 
Bcthesda, MD) discussed the hematopoietic reconstitution of 
CD34-sclected cells transduced with the multidrug resistant MDRl 
gene in patients with metastatic breast cancer as a model of hema- 
topoietic stem ceU marldng and dnig tolerance. His group has 
conducted two clinical trials of reiroviral-mediated transfer of the 
multidrug resistance gene MDRl into PBPCs in patients with 
metastatic breast cancer to determine whether chemodierapy after 
reinfiision of transduced cells can selectively expand the population 
of MDRl-marked hematopoietic cells. In the fust trial, patients 
were treated with high-dose ifosfamide. caiiwplatin, and epirubicin 
chenK)therapy along with hematopoietic stem cell support In this 
trial only one-third of the harvested CD34^ cells were transduced 
with a retroviral vector expressing the MDRl gene. After recon- 
stitution. aU patients were treated with five cycles of pacliiaxel, and 
the level of MDRl gene marking in the peripheral blood was 
analyzed after each cycle of therapy. Three of the four patients had 
detectable MDRl gene marking at reconstitution. and two patients 
had MDRl marking of granulocytes throughout the five cycles of 
therapy. 

The Cowan group then initialed a second trial in which 
patients received only CD34^ cells exposed to retroviral gene 
transduction conditions to avoid the potential competition for en- 
graftment with nontransduced ceils. Six patients received geneti- 
caUy altered CD34* PBPCs; half of the ceUs were incubated in - 
supernatant &om a retroviral producer clone containing the MDR 1 
gene, and the other half were incubated in supernatant from a 
retroviral producer clone containing die neomycin resistance 
(NeoR) gene. A maximum of 1.5 x 10* CD34^ -selected cells/kg 
were transduced with each vector and transfused. In two of six 
patients, both peripheral granulocyte and monocyte fractions 
showed no detectable marking eariy in the course of treatment after 
reconstitution but later demonstrated evidence of in vivo selection 
of cclk containing MDRl; tiiere was no selection of cells contain- 
ing NeoR. In the remaining four patients, eariy marking was 
apparent but long-term expansion with chemotherapy was not 
observed. The difference in long-term granulocyte and monocyte 
maridng by MDRl compared to NeoR in two of six patients 
suggests MDRl-transduced stem cells were selected in vivo by 
chemodierapy in these patients. This study also demonstrated the 
safety of using only PBPCs incubated in retroviral supernatant for 
hematopoietic reconstitution because aU six gene therapy patients 
recovered from myelosuppressive therapy, and each went on to 
receive eight cycles of intensive chemodierapy. 

A similar strategy to genetically alter drug metabolism in 
hematopoietic cells was taken by Dr. James Doroshow (City of 
Hope National Medical Center. Duarte, CA). Chemoprotectivc 
strategies involve die use of bicistronic vectors capable of 
expressing genes encoding glutathione peroxidase or glutathi- 
one S-lransferasc ir. Ectopic expression of glutadiione peroxi- 
dase confers tolerance to high levels of colchicine and protects 
celk against oxidative stress, for example, widi glucose oxidase 
exposure. Transduction of die MDRl gene was also undertaken, 
and selection for die MDRl gene was enhanced by die exposure 



of cells to colchicine. In fact, colchicine was more effective in 
die selection of MDR I -expressing cells than G4 18 selection. 
When applied to mouse and human CD34'*- cells, however, die 
transduction efficiency of MDRl was very low (about 20%). 
Altemadve gene transfer strategies such as lipofection appear to 
be feasible in human CD34'^ cells, resulting in up to 50% 
marked cells. Thus, die limitations of efficient gene transfer 
require additional studies of alternative delivery options, such as 
lipofection, or die development of better vectors. 

Even widi die efficient delivery of genes and a way to enrich 
for cells expressing diosc gene products, pitfalls remain in stable 
gene expression. Dr. Donald Kohn discussed retroviral vectors with 
multiple modifications in die cij-elements implicated in transcrip- 
tional silencing. These modified vectors showed a > 1000-fold 
higher expression of NeoR or chloramphenicol acetyltransferase 
reporter gene dian did standard MoMuLV LTR vectors in murine 
ES cells. The modified MND LTR directed expression of die 
E-CFP reporter in essentially 100% of transduced ES cells, 
whereas unmodified MoMuLV LTR was active in only 1-5% of 
transduced ES cells. The modified vectors have now been evalu- 
ated in die serial murine bone marrow transplantation model and 
were found to be significantly less mediylated dian MoMuLV 
LTR. The modified vectors were expressed in >90% of hemato- 
poietic colony-forming units, whereas MoMuLV LTR was ex- 
pressed in only 10-20% of hematopoietic colony-forming units. 
The MND vector also showed a higher level of expression in T and 
B lymphocytes produced in die mice transplanted with transduced 
bone marrow. Lentiviral vectors are currently being examined lo 
see if diey will increase die transduction of primitive pluripotent 
human hematopoietic stem cells. 

In die long term, die application of gene therapy methods 
is limited by our knowledge of how genes are silenced or 
regulated widiin a chromosomal environment. Dr. Robert Os- 
hima (The Bumham Institute. La Jolla. CA) presented recent 
findings regarding the transcriptional regulation of transgenes 
and sequences diat regulate chromatin structure and gene ex- 
pression. Many or most genes integrated into cells and animals 
are subject to position effects diat alter die expression of the 
gene. The Oshima laboratory has discovered ci5-acung se- 
quences flanking die keratin 18 gene (K18) diat confer integra- 
tion site-independent and copy number-dependent expression of 
both die K18 gene and two tested heterologous genes in trans- 
genic mice. They have found diat die smallest Kl8-nanking 
fragment able to confer position-independent expression on die 
metallothionein-human growdi hormone transgene is a 340-bp 
fragment composed primarily of an Alu-repetitive element This 
element, which is transcribed by RNA polymerase UI. was 
found to protect die transgene in an orientation-dependent man- 
ner, widi die most effective arrangement consisting of inverted 
repeats flanking die transgene. Furthermore, when interposed 
between a syndietic telomere that nucleates repressive chroma- 
tin structure and a URA3 reporter gene, die Alu sequence was 
able to block chromatin-mediated repression in yeast. In a 
genetic background diat relieved chromatin-mediated repression 
due to die absence of the Sir3 gene product, die Alu sequence 
had no effect. This confirmed diat die activity of die Alu was 
due to blocking chromatin-mediated repression and not simply 
to elevating die transcriptional activity of die URA3 gene. This 
effect, like die protection afforded in transgenic mice, was 
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dependent on the orientation of the Alu sequence.. These results 
indicate that much of the locus control region, like the activity 
of the KlS-flanking sequences, is associated with a small 
340-bp Alu sequence, and that the same element was active in 
yeast to block chromatin-mcdiated repression, cii-acting ele- 
ments like the Kl 8 Alu fragment may facilitate the expression 
of other genes when integrated into random locations within the 
genome. It also suggests that a subset of Alu sequences may 
function to define regulatory domains within the human genome 
and leads to speculation abodt the function of Alu elements in 
gene regulation and during evolution. 

Just as knowledge of die basic biology surrounding viral 
transfection and gene expression will advance translational 
achievements in gene therapy, a better knowledge of the immune 
system is furthering its potential application toward cancer vaccine 
therapy. Dr. James Economou (University of California Los An- 
geles School of Medicine, Los Angeles, CA) discussed the use of 
genetically engineered dendritic cell animal models. E)endriuc cells 
are professional antigen-presenting cells that process antigens and 
present tfiem to T cells as part of a complex reaction leading either 
to tolerance or to CTL-mediaied elimination of noncognate cellular 
targets. As a model, the melanoma MART-1 peptide antigen was 
used to engineer dendritic cells that express MART-1. CTLs 
readily recognize dendritic cell clones transduced with MART- 1 
expression vector. The tumor model is a transfected MART- 1 - 
expressing murine fibrosarcoma that is lumorigenic but is normally 
poorly immunogenic. Murine bone marrow cells were treated with 
GM-CSF and interleukin 4 before being harvested for dendritic 
cells, which were transduced with the MART- 1 adenoviral expres- 
sion vector and injected into tumor-bearing animals. The dendritic 
cell-treated animals demonstrated a marked suppression of tumor 
growth as compared to control-treated animals. In 20% of animals, 
no tumor growth was detected, whereas the remaining 80% dem- 
onstrated a delayed outgrowth after treatment with engineered 
dendritic cells. Curiously, repealed immunizations worsened the 
outcome that correlated with a decrease in the CTL assay. In 
addition, both CD4 and CDS cells were necessary for protection 
against tumor formation. Clinical trials are ongoing with adenovi- 
rus MART-1 -transduced cells. As additional proof of principle, the 
a-fetoprotein was exploited in the immune-mediated killing of 
hepatocellular carcinoma cells. With die B WIC3 hepatoma ceU line 
as a tumor model, inununization with adenovirally transduced AFP 
dendritic cells resulted in a marked protection against tumor for- 
mation. Additional studies revealed two dominant AFP peptides 
presented by HLA-2 molecules that play a role in CTL response. 
Through specific peptide loading experiments, it was demonstrated 
that specific lysis of AFP-cxpressing cells can be elicited. These 
studies suggest that engineered dendritic cells and specific immu- 
nogenic peptide loading may provide additional means to attack 
cancer cells. 

Dr. Edmund C. Lattime (Thomas Jefferson University, Phil- 
adelphia, PA) discussed the use of vaccinia virus for immunother- 
apy. The principal goal of immunotherapeutic strategies in tumors 
is the induction of a systemic cell-mediated antitumor response that 
would eliminate both primary and metastatic tumor foci. Applying 
earlier findings by PardoU and, cowoiicers, the Lattime group has 
proposed an approach to immunological gene therapy in which die 
genes for immune-enhancing cytokines and cell surface antigens 
can be transfected into tumor cells in situ using vaccinia vir\is 



vectors. Lattime has evaluated recombinant vaccinia encoding 
GM-CSF as a candidate molecule to enhance the generation of 
tumor-specific immunity by enhancing antigen presentation. In 
murine studies, diey show diat the GM-CSF gene is expressed both 
eariy and late in the course of therapy, and that preexisting or 
developing inununity to vaccinia docs not prev ent GM-CSF gene ^ 
expression . In a Phase I clinical study of intralesional recombinant 
vaccinia-GM-CSF in s.a melanoma metastases, they found that die 
recombinant can be given safely, and the GM-CSF gene is ex- 
pressed botfi early and late in die treatment course . Intralesional 
injection of die recombinant results in die regression of injected 
lesions, which is most probably due to die antivaccinia inflairuna- 
tory response. In addition, in a number of patients, diey have found 
diat distant uninjected lesions regress, suggesting die development 
of systemic antitumor immunity. These studies support die use of 
vaccinia recombinants for in situ use as vectors for inserting im- 
mune active molecules into tumor cells. 

Dr. Alfred E. Chang (University of Michigan, Ann Ariw, MI) 
discussed die applications of gene transfer in die adoptive immu- 
notherapy of cancer. Adoptive immunodierapy of cancer invcrfves 
the passive transfer of immune cells that are capable of conferring 
systemic immunity to the host to mediate tumor regression. Tradi- 
tionally, this has involved die isolation and expansion of T cells 
from eidier TILs or tumor-draining lymph nodes. Widi die advent 
of gene transfer methodologies, new techniques to enhance the 
generation of immune T cells have been explored. TILs represent 
lymphoid cells derived from tumors diat are disaggregated ex vivo 
and cultured in interleukin 2, A significant impediment to gener- 
ating dierapeutic TIL resides in die inherent immunogenicity of die 
tumor from which the TELs are derived. In animal models using 
poorly immunogenic tumors, die dierapeutic efficacy of die TILs is 
limited. A novel variation to altered TIL reactivity has been devel- 
oped at the University of Michigan. In animal studies, tumors 
treated by die in vivo transfer of an allogeneic MHC class I gene 
complexed widi liposomes resulted in die expression of die class I 
molecules by mmor cells. Impottandy, diis also resulted in tumor 
regression and die induction of T cells diat were not only reactive 
to transfected mmor cells, but also to unmodified cancer cells. They 
have previously reported evidence of gene expression in advanced 
melanoma patients treated by in vivo inoculation of the tumor with 
DNA/liposome complexes containing a foreign MHC class I gene. 
Based on diese initial observations, diey are currendy evaluating 
die immune reactivity of TILs derived from tumors modified by 
direct in vivo gene transfer using an allogeneic class I MHC gene, 
HLA-B7. in patients widi stage IV melanoma. In in vitro assays, 
diey have confumed an enhanced reactivity of TILs derived from 
patients inoculated widi die foreign class I gene. Another mediod of 
T-cell dierapy has been to activate tumor-draining lymph node 
cells, which diey have demonstrated to have potent antittimor 
reactivity on adoptive transfer in preclinical studies. In a pooriy 
immunogenic tumor model, diey have found diat genetically mod- 
ifying tumor cells to secrete GM-CSF results in significant tumor 
reactivity of die mmor-draining lymph node cells. They hypodie- 
size diat die local secretion of GM-CSF promotes die reciuitmenl 
and expansion of antigen-presenting dendritic cells. This approach 
is being evaluated in a clinical trial at die University of Michigan 
in which patients widi stage IV melanoma arc vaccinated widi 
autologous melanoma tumor cells transduced to secrete GM-CSF. 
Thus far. die vaccine sites have demonstrated a local influx of 
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I dendritic cells. They have been able to define autologous tumor cell 
reactivity of the vaccine-primed lymph node cells. One patient with 
metastatic disease treated with these adoptively transferred cells has 
ejU)erieRced a complete response. They feel that the use of gene 

■transfer techniques may result in more effective methods to gen- 
erate tumor-specific T ceils for cellular therapy. 

Even in the perfect scenario, in which all of the problems with 

gene delivciy and expression are solved, these technologies may be 

■ fruitless without a good understanding of the basic defects in cancer 
•biology and the correct choices of molecular targets for gene 
therapy. A part of this workshop revolved around the more basic 

I issues of the use of alternative cancer gene therapy approaches and 
translational research applied to molecular profiling and anticancer 
drug discovery. Dr. Ming-Chie Hung (The University of Texas 
M. D. Anderson Cancer, Houston, TX) took a novel approach 
■toward cancer gene therapy by exploiting the tumor suppression 
■irtin'Ty of El A in HER-2/neu-ovcrexpressing cancer cells. The 
HER-2/neu (also named c-erbB-l) oncogene is known to be ovcr- 

I expressed in many human cancers, including breast, ovarian, lung, 
gastric, and oral cancers. In animal models. HER-2/neu overex- 
pression was shown to enhance malignancy and metastasis pheno- 
types. Repression of HER-2/neu overexpression suppresses the 

I malignant phenotypes of HER-2/neu-overexpressing cancer cells, 
suggesting that HER-2/neu may serve as an excellent target for 
developing anticancer agents. The Hung group has previously 
shown that adenovirus-5 El A gene products inhibit overexpression 

I of the HER-2/neu oncogene and accordingly suppress transforma- 
tion induced by HER-2/neu. Their results indicate that catio njc 
liposomes or an adenoviral vector can efficiently deliver El A into 
tumor cells in mice , and this results in the suppression of tumor 
[growth and longer survival of the mice. Based on these results, a 
Fhasc I gene therapy clinical trial entitled "Phase I Stu d y^of El A 
Gene Therapy for Patients with Metastatic Breast or Ovarian Can - 
cer that Ovcrexpresses HER-2/ne u" was initiated at M. D. Ander- 
son Cancer Center (P. I. Gabriel Hortobagyi). The data from the 
clinical trial indicate that the E l A gene can be expressed in treated 
patients, and HER-2/neu down-regulation in tumor cells is readily 
Idetectable^ A maximum tolerable dose is also identified- The result 
iggests that El A-liposonte gene therapy is feasible, and additional 
cliiucal trials on patients with less-malignant cancer are required to 
evaluate therapeutic efficacy. 

Dr. Patricia Steeg (National Cancer Institute) discussed Nm23 
a potential therapeutic target. Nm23 expression is reduced in 
metastatic cells, and the introduction of Nm23 into certain cancer 
cell lines has reduced their metastatic potential. One approach to 
the problem of metastasis is to up-regulate the expression of Nm23. 
As such, Steeg and coworkers studied the Nm23 promoter and 
fouTKi three breast-specific elements consisting of a consensus 
i5'-AC:aAAG-3' site and NFI and ETS binding sites. Although the 
regulation of Nm23 expression has not been exploited for thera- 
peutic purposes, the Steeg group has used the COMPARE com- 
puter algorithm and Nm23 expression as a marker of tumor met- 
astatic potential to examine the in vitro antiproliferative activity of 
Ichemotherapeutic drugs on human breast carcinoma and melanoma 
cell lines. None of 171 compounds in clinical use or under devel- 
^opment and only 40 of 30.(XX) repository compounds exhibited 
preferential growth inhibition of low-Nm23-expressing metastati- 
tally aggressive cell lines with a Pearson correlation coefficient of 
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^—0.64. Characterization of one compound, NSC 645306, is 
presented including in vivo acdvity in a hollow fiber assay. The 
data demonstrate a novel approach using molecular markers and 
the NCI 60 human cancer cell line panel to identify potential drugs 
for aggressive human tumors. 

Dr. Chi Van Dang (Johns Hopkins University School of 
Medicine, Baltimore, MD) presented recent studies on c-Myc 
target genes and their therapeutic implications. Based on the 
frequency of genetic alterations of c-myc in human cancers, it 
can be estimated that approximately 70,0(X) United States cancer 
deaths per year are associated with changes in the c-myc gene or 
its expression. Given that c-myc may contribute to one-seventh 
of United States cancer deaths, the understanding of c-myc is 
important to our intellectual armamentarium against cancer. The 
c-Myc gene encodes an oncogenic helix-loop-helix-leucine zip- 
per transcription factor that acts as a heterodimer with its partner 
protein, Max, to activate genes regulating cell growth, differen- 
tiation, and cell death. To further understand c-Myc function, 
the Dang group has identified a set of putative c-Myc-rcspon- 
sive genes through the . application of cDNA representational 
difference analysis. They identified 17 up-regulated genes and 3 
down-regulated genes in a rat fibroblast system that is suscep- 
tible to c-Myc-mediated transformation. Two novel genes, rcl 
and JFI, cause anchorage- independent growth, although at a 
very reduced efficiency compared to c-Myc. Three other genes. 
KAPl, MerS, and LDH-A (encoding lactate dehydrogenase A) 
are nontransforming; however, LDH-A is required for the es- 
tablishment of three-dimensional spheroid growth in soft agar. 
Furthermore. LDH-A participates in c-Myc-mediaied glucose 
deprivation-induced apoptosis. This observation is being ex- 
ploited for therapeutic purposes. However, in addition to the 
study of target genes. Dang and coworkers observed that over- 
expression of c-myc causes Colcemid-treaied human and rodent 
cells to replicate DNA without chromosomal segregation and 
become either apoptotic or polyploid. c-Myc protein levels were 
further correlated with the sensitivity of 60 human cancer cell 
lines to tubulin binding drugs, suggesting that this novel phe- 
notype of c-Myc sensitizes cells to this class of antitumor drug. 
This approach toward studying the genetic program enforced by 
c-Myc in cellular Uransformation has led to the identification of 
novel connections between cellular metabolism and transforma- 
tion as well as the identification of novel genes that probably 
account for some of the transforming activities of c-Myc. 

The studies presented at this workshop provide a glimpse 
of the past and present and a projection of the future of cancer 
gene therapeutics and novel therapeutic approaches based on 
sound molecular underpinnings. Although significant progress 
has been achieved in our understanding of t he limitations of 
gene therapy by suboptimal vectors, host immubolo^cal re - 
sponses to the vectors, and the lack f>f long term stable exores- 
f:in^ the m^(^r challenge that limits clinicaLtranslation remains 
in achieving efficient ff Helivpry to targp.i riR.snp.s. As such, 
gene therapy that exploits the host immune system and the 
development of novel small molecular therapeutics might hold 
promise for the future. Whereas setbacks in gene therapy were 
clearly recognized and discussed, there was a unique level of 
enthusiasm that many of these obstacles could be overcome with 
meticulously designed basic and clinical studies. 



CHAPTER 5 



nd James M. Wilson 



dbZe Dmeesses white DNA technology ptvyides ready access to the genes thateontml 

t,.,/lnJ^iml^e pathways, liposome encapsulation, direct Injection, and com^ 
wUhl^M^prouZ^^^^^^^^ originally enyUloned as a t^atrnentfor Inhe. 
, TJi f- lT-! ^ Hcaitons in acquired iUnesses such 

To Z The.^uTisnes and Zrn, stmegies being explored to apply gene therapy to 
this wide range <4 diseases. 



SCOPE OF GEINE THERAPY 

TlKrtpculk roe transfer U not • new concept (Wolff wKl 
Udetben. 1994). More Hon two decades before the first 
tene truisfer took place In acllnlcal setting, EdwardTatum 
specaUted: "We can even be somewhat optimistic on the 
long-cange possibility of thetapy by the IsolaUon or design, 
tysibesis, and IntroducUoo of new genes Into dcfecttvc 
cdls of partfcttlar organs" C^tum. 1966). The tieatmenlof 
hnnan disease by gene transfer originally was envUloned 
as a means to treat diseases arising from single-gene de- 
fects. Inbeitted diseases eaooropass a wWe range of dlsor- 
den wherein a defective gene leads to the failure to syo- 
ihesbe a pMtiailar protdn or to the synthesis of an 
rtoomial protein. In either event, the absence of the nor- 
mal protein can lead to a variety of clinical manifestations 
depending on the structural or enzymatic role that protein 
nonnany pUys In the cell. Such conditions range from mild 
disorden that reqube no treatment (tg.. color blindness) 
«o nfe^hreatenlng diseases (eg., hemophilia. cysUc fibro- 
sb). Tbese diverse diseases are. In general. Inadequately 
(leated by conventional pharmacological means. Hierapy 
based on the replacement f the missing or dcfecUve pro- 
tein (such as factor VIU for hemophilia, transfusions for 
sickle cell disease, and adenosine deaminase for severe 
combined Immunodeficiency ayndrome) b available for 
only a few of these disorder*. Rirthermofc. these therapies 



ere only partially effective In ameliorating Uie manifesta- 
tions of the disease and are accompanied by isignlficant 
complications. For roost genetic diseases, P«wi*«>8 
missing protein In a therapeutic fashion U not feasible due 
to Ihe complex and fragile nattJre of Oie protein and the 
«eed to deUver Ute protein to a specific tubcellular loca- 
tion (te.. cell surface expression, lysosomal localization. 
«ic.).1Vansplantation of tiic mnjor affected organ has been 
done In some Instances (e-g.. bone marrow irnnsplantttion 
for sickle cell disease, or liver transplantatioo for byper- 
lipldemlas), but U»U also has severe llrottations of«?"» 
availability and adverse consequences arising «rom the Im- 
muoe suppression required to prevent rejcctioo of an allo- 
geode tissue. ^ , . , 

Providing a normal copy of U»c defective gene to af- 
fected tissues would circumvent the problem of delivenng 
complex proteins, as Uk protein could be ^mUieslzed 
within the celU using die normal cellular pathways. Ai- 
tiKMigh U»e defective gene b present In all eelU of an in- 
dividual vtfltfi an Inherited disorder, only a few tlswes or 
organs actually express tiie gene and lherefo»e «aff«*^ 

Defects In genes tiuu function In all celU of the body C«o- 
called housekeeping genes) usually result In such severe 
abnormalities Uiat embryonic development c«n"f*^*J3 
m limited number f tissues affected by mart liA«t««J 
disorder* greatiy simplifies tf>e requlrementt for en«2*J^ 
gene ttierapy, since a functional copy f Uie gene neea oe 
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SECnUNl CENERALrRINaiUSS 



Ipcovkfed only (o Chose tissues chat actttally itqutie it The 
fwlofgeoeChcftpy.ChcfeforcUt gcocticdiy correct th 
defect in only pact f the body. Since this Cype fthccapy 
b designed not t alter the genetic stiuctuie of rcprodoc- 

Itlve ofgans. It does not pievent the genetic disorder from 
betog passed oo to sttbsequent generations. It Is envisioned. 

however, as a powerful tool to ameliorate or reverse Che 

ImeUbolic consequences la the treated Individual Ttagct- 
hig of the therapeutic gene to a specialiicd tissue is an area 
f Iremendous interest in all applications of gene therapy. 
Fuithmnore, If the gene transfer can be targeted to the ma- 

IJor affected organs, then side effects arising from ectopic 
gene expression in nocitarget celU might be avoided. As 
widi other pharmaceutical agents, cell-specific targeting 

I has the advantage of decreasing tiie effective volume of 
distribution and tiie amount of gene transfer agent needed. 
Such celi-apecific delivery systems are not yet available 

I for either drugs or genetic material, but it can be reason- 
ably expected diat ttie explosion of Interest In gene tiier- 
apy will result in new metiKxIs tiiat are applicable to tfie 
delivery f DMA and conventional pharrnaceutics alilce. 

IDNA delivery systems arc being developed using a vari- 
ety of chemical, physical, and biologic agcnU. 
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Tlic esrttest fcomin goic Crantfcr cxperimeoU begatt la 1989 
wlA lyn^Aocyte m««ng stofto. 

efct, dicM li^ studies showed tfwt getie trwisfer could be safely 
oiHed out and provided htrigln Into mwy of the ledmkri ^^kuU 
Ifet of bumaa gene transfer (Rosenberg cr «L, 1990). Lyiiiphocytet 
were Kkdy targctt for lohJal gene therapy atleinpU l>ccau«c tf^ 
be bottled eadly and inaiUpota(edcrWva.TTNn;tUsue taftcUngcan 
be effected by pHy^ removal and man^laUoo of the recipient 
cells, radier than by design of die gene ddivcry system, whkh has 

^% far wimxfA jflfflggtL Ly inTtioci rte s were 

abo attractive becaote they 
M te cdhte loc« of aemd iohedted aod aocpthed dUorders (e^. 
•cftreoon*toedlmna»odclkkocy,l«V Infecti^ 
disease, and a vwkty of Biangnaficles). Furtbermo^ 
betag lorfHy Isolated, lytnpbo^rles rwy be eaperte^ 
onrtliaatothcrtdptemaftdlbcrcfofccanpoUtitW 
iBgbeiKfitt to chrook dl«)rder».T1ws, lymphocyte geiie 
^ides tov«t«l awW for gene therapy and cooUooes to ^ 
^eloped tor a»v diwjrdeftt. la Sepleaiber 1990, the flfst homan gcoe 
<w«»y Irtal wWi therapaitfc potential begaa.Tbc « 1^ gene tram^ 
fa of adenodac dcamtoasc (M)A) gene Into Ac lymphocytes of a 
clW with what to aormafly a kdid dcfidency of tWs cnty^^ 
canlcdoottf tfieHatloodlosdtiMof Healdi(Aaderson€rc^ 1990). 
The itsohf of trial, which are yet to be p^Mshcd to detolU 
cnootiraglag and have spawned the devclopmoit of many new gene 

tlicrapy trials. 

Ttie inajorily of gerie tberipy triaU imder way are for 
the treatmetit of acquired disordea tuch as AIDS, malig- 
nandes, ar»d cardiovascular disease, rather than diseases 
arising from single gene defects C^Mc 5-1). The applica- 
tion of gene therapy to acquired disorders has proceeded 



faster than applications for single-gene defecU for several 
reasons. Principle among these reasons Is that the long- 
term gene expression (months t years) that is likely nec- 
essary to treat genetic diseases has been diOicuItt achieve. 
The availability of a large pool of candidate patienU with 
severe and immediately life-threatening ac({uired disorden 
(most notably cancer ond AIDS) provides a clinical setting 
to develop new strategies for DMA delivery that may be 
applied later to Inherited disorders. In contrast to the In- 
herited diseases where a genetic defect has been well char- 
acterized, in roost applicaUons of gene therapy to acquired 
illnesses, the molecular basis of the disease is less well un- 
derstood. Rather than correct a known underlying defect, 
the appfoacli has been to add new molecular functions that 
are capable of altering the course of the disease, or to block 
an existing function, ratlier than correct an underlying de- 
ficiency. 

General Coitsiderations In Gene 
Tlierapy 

Inherited Disorders. The insertion of a new gene that 
ulUmately corrects a deficiency requires that the new gene 
product is present in sufficient amounU to achieve a ther- 
aipeutic effect TTic level of protein function necessary to 
schieve complementoUon of the defect varies widely 
among genetic diseases. Olten this can be esamated from 
clinical observations comparing fhc severity of the disease 
with the extent of deficiency. This Is seen In the hemo- 
philias, where the extent of bleeding complications is 
roughly proportional to the extent of the defidency. Such 
estimates are not possible in other disorden such as cys- 
tic fibrosis, where the amount of cy^ic fibrosis transport 
legttlator (CFTR) gene expression. In the airway and In 
other ei*thdld cdis, necessary to adileve therape^ 
efit b iwt known. Here, the severity of the Illness correlates 
with the type of genetic defect, rather than with the level 
of protein expression. These issues become more complex 
hi diseases where gene expression must be carried out In 
a highly regulated fashion. One such example Is the tha- 
Icssemias, which adse from defects fa the synthesU of ei- 
ther the a or ^ chain ofhemoglobln. Excessive production 
of either subunlt chain by an unregulated therapeudc gene 

transfer could be as harmful as tbe'disease Itself. 

Acquired Dlsonlers. MechanlsUcally, gene therapy for y 
acquired drso rden Is potenUall v more flexible, to terms of r 
the faserled DNA, than gene therapy for bihentcd disor* 
ders. In taherited disorders, a single defecthe gene that 
causes the disorder typically Is the subject of Inlerventlon. 
By contrast, fa acquired diseases, either a defecave gene 
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rJi^J^ltlc Gene TTierapy TVials Appn>ved by the Recombinant DNA Advisory Commit! ee f Ihe 
National Institutes of Healtlu* . 
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Ccnc Ucnpy of Paitems wUh Advioced CtiKcr Using TUmor Infilimlloo Lymphocytes Tranidiiced wiih 
the Ocnc Coding for Tuinor Necrosis Fictor. 

Immunizxioo of Oncer PaienU Using Autologo«s Cnccr Cells Modified by Insertion of ihc Ocne for 
-ntmor Necrosis F^of (TNF) 

fmmimli.tion of Cancer Piilencs Using Autologous Cncer Cells Modified by Insertion of the Ocnc for 
lmcHeuUn*2 (IL*2). 

£r Hv0 Oenc Tbcrtpy of Ftmilial Hypcfcholesicrolcmlt. 

T«un«. of Sevc« Combined Imm««e Deficiency (SCID) ^^'^ f^'':^^^^^^,^''^ 
with Amolocoui Lymplioeyle* Tnuisduceil w<ih ihc I Ionian ADA Oene: An E«pcrimcnUl Sludy 

Immunoihenpy of Malicnoncy by In Hro Oene Tmnifer Into fiiman 

Oeoe Ikantfcr for the Treatment of Cinccr. 

OeoelVnw for the Treatment of Rectiitem GliobUstoma Multlfonne with In W,x» Tumor Transduction 
with the Hetpet SimpteK-niymWioe Kinase CeoeA3anciclovir Syrtem. 

A Phase I Study, in Cy«lc Rbiwlf P«ienl^ of the Safety. Tb.lcity. and ^JJj^J^^IL'N^^ 

Administwloii of • Replicatioo Deficient. Recombinant Adenovlnis Catrylne the cONA of the Normal 

llwnaoCyitie RbiwhTVwiinKmbrwte Qmdoclwtce Retulator Oene In Ihc Uin«. 
ntt I Study of CyioUne<lene Modified Autolofioua Neuroblartoma CelU for Treatment of Relapted/ 

Rcfiactoiy Neucoblastoma. 

Oene T*er«py for the -neatmenl of Bcain Tumoa Urint Intra-Tumoi.1 Tnin*duct>on with Ihe Thymidine 
KinaM Oene and Intravenous Oancidovir 

knmuniiatioA with HLA-A2 Matched AHojeneic Melanoma CelU that Secrete ln«eric«kin-l In PafientJ 
with Metastatic Melanoma. 

ImmMiutioo with lnterteukln-2 Secretlnf Alloteneic IILA-A2 Matched Renal Cell Carcinoma Cells in 
PMieatt with AdvMiced Renal Cell Carcinoma. 

OMcal Piotocol for MoiTificailon of Oncocene and Tumor Suppretsor Oene Eapresakw hi Noo Small Cell^ 
Lm( Cancer (NSCtO. 

Oene Iherapy of Cancer A Pilol Sludy of IIM Oene Modified Antitumor Vncdoci. 
Oene Therapy of Cystic Fibiosb Urns Dlseaset Usinj El Odded Adenoviriaef: A Phase I Trial. 
C»«ic Rbraab Gene TTwapy Using an Adcnovkus >fccior. tm Safely and E(r«acy ta Nasal Epithelium. 
Phase I Study of Non-Repficating Auioloeous Tomor CM liijecilons Using CdU Prepared With or Wihout 
'Sl!S£S,«^JluJSl^ SUmuSing Fbclor Gene T««sd«ctloo In P«ie«u whh Mcusuih: Renal 
Cell CHdooouL 

AdministfMion of Mcomydn R«lsl«nce CIcnc H«led EOV Specific C^oak T Mrmpyhocyies to Redplcnu 
ef MiimaKhed-Rebted or Phenolyplcally Sindfar Unrelaled Donor Manow GcmlU. 
A Pl« I Smdy of Oene Tlwapy of Cyrtfc Rbiosb Utf fixing ■ Replle«iloo Dcfid^ 

yo^ltZSS^m^l^ ralosU -n-nsmembr-* Conducttnce RegulMor cONA lo the Aln«y.. 
GeneUer^v for Cystic Hbrosit Udng El Ddeled AdenoyUus: A Phase I Trial to Ihe Nasal Cavhy. 
A Phase I -nUI of Hutnan Gamma Inloferon-Transdoced Aulologoiii Tomor Cells to Pallenu With 

Dissendoaicd Mafignani Melanoma. 

the of Safdy-Modified Rcttoviniset to InWwtoce a«nolher.py R^rtance S«pe^^^ 
Honatopofatk CaU for Chemoprotecllon During Ihe Theiw 
|«ww»oihef«py for Cancer by Direct Oene Transfer telo "IXmiors 

Oeneltoapy for GaiKher Disease £s W*o OeaelWer and AutofotoosTimnsplaotaikmof C034+ Cells. 
lUtroriral Mediated TWer of the cDNA for Human Olucocerebrosldase Into Hematopolellc Stem CelU 
of Pirtleau with Gaucher Disease. 

A Prefimtaary Study lo E«luate Ihe Safety and Btotegle EITectt of Murine Relmvlfal Vtetor Encoding 

HI V-I Ocoes tHIV'IT(V)l ta Asymptomatic Subjecu Infected with HIV-I. 

The pmioeoUR-ed were w««cd through A«easl.imDculWpn*ocol, for moodily Jo«wl Hmcn 
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Bhat directly contributes to the disorder* or a gene that me* 
SCttes an unrelated biochemical process, may be the basis 

for biteffvcnti a. This diversity of approaches in treating 
^acquired Illnesses is illustrated in the gene therapy strate- 
that have been proposed for treating AIDS and vari- 
ous cancers. Treatment of HIV infection potentially could 

fety on the Intemtption of viral processes that directly con- 

I tribute to the pathogenesis of AIDS. This could be achieved 
by several means. Including Inserting a gene that produces 
antisense mRNA, catalytic RNA (ribozymes), or a domi- 
nant negative mutant protein. 

VacdnaUon. Gene transfer-mediated vaccination has be- 
come a rapidly expanding field and is applicable to the 
treatment of both noninfectious and Infectious diseases. 
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ItaftMtfMi At<dHSi S0mhf€€thmi DUeeseu Ocoe therapy for 
■eoplastle tfteasca Indttdea cflorts 10 eaglneer aa Immune response 
10 tucnor cells, the Idea that tumor cdls can be Bsed 10 elldt an an- 
fcanuoc respoose b fooodcd In rare clittlcal observations of 

ous tumor tcgrctsloo, the IkA that some tumors are more 
«,Kwu. fa tromuoocompromlsed hosts, and the discovery of tumor- 

asmiaied aotifcas oo many ditTcrcat tumor types. The general strate- 
gies pcQpoied bdode traasdudng autologous tumor celU (or tumor 
faliltmtiag lynvhocytes) lo accrete a apedfic cytoUne (cg^ tunnor 
Mcmb factor, lntertettkla-2, lntctlettkln-4, loicfferoo gamma, €«c.), 
fadadaf lumor cell cxpressloa of a strong rejectkm Btttlgea (cg^ al- 
logeneic m^or lOstocompatlbllity or MHC molccutcs), and Inducing 
tomor cdl expression of. lymphocyte oosdmulatofy molecules {cg^ 
t7-l). Several of these approaches have reached the suge tclinl- 
erf aiah, Intt the dau from these phase I studies are limited and In* 
sdTcfeat m fadicate their dierapeutk elfecUvenett (for reviews of 
«is topic are Nabd rr oL. 1994). 

%Mmlt0mAidtu(inf€€dom$Ms€M€U The «*c of gene trmnsfer 
10 atfmrfaie ImmuiAy 10 fafectloos ageuu also b imdcr favcstlgatloo. 
' ■ of DNA sequences that encode key antigens from padio- 



f enic agcou (subunit vaccines) m/oM allow for the cdtular synthe- 
sis and pmentotion of these anilcens In a manner chat physlologlcatly 
mimics their presentation during Infections, without (he risks of ac- 
tual eaposute to the pathogenic ocganltm. This could have dgnlficant 
implicatkms In the development of an HIV vaodne where the safety 
implications of a live* attenuated HIV vaccine are awesome. 



Obstacles to Ccnc Therapy^ 

The therapeutic applications of gSne. transfer technology 
inciease with each discovery of a new cellular process. At 
present, our ability to develop clinically efficacious thera- 
pies from scientifically sound principles Is limited by sev- 
eral problems that, lo some extent, plague all gene therapy 
strategies. Fot the foreseeable future, gene therapy Is lim- 
ited to somatic ccIU (nongerm-IIne cells). How these cells 
in a given tissue are targeted by die DMA delivery method 
has been an area of intense Interest Once the gene has 
been successfully transferred, the duration of transgene ex- 
pression becomes Important Finally, the DNA vector It- 
self must be analyzed for Its potential to cause unwanted 
side effects (Jolly, 1994). 

DNA Delivery and Pharniacoklnetlcs. TTie delivery of 
exogenous DNA and lu processing by target cells require 
the introduction of new pharmacokinetic paradigms be- 
yond those that describe the conventional medicines In use 
today (see Chapter I). With In vivo f; ene transfer, one rous t 
account for the fate of the DNA vector Itself (volume of 
rft ytributlon. rate f clea rance Into tissues, efc). as well as 
fo j^thg conaequences of altered gene expression and pro- 
t in function, A multlcompaitmcntel model t describ e 
these cvcott In a quantlutivc fashion hafbecn develop ed 
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- Jlcy inllrjlTy. \99*^ Pit>«Mei th«t must be con. 

f the DNA vector follow - 

lag fa Wjgjdguakintton; «hc fraction of vectpr lakw up 
" riiqi^^^ popuUtion; Oie tfiflkking f the geneti c 
„,^ ^^[^^i^ *»'^" ni|>fln«JI«i the rale of dcgrftafflon 
„f pj^Ajl^ kvel of mRNA produced ; the rtabiltty of 
^{lifTi^pgApoju^ ; the amount «nd t tabilttv of the pro- 
■ja rj^j^du^dfand the protein's coropartmcotaliration 
ti^ r ^ll, Of its uc n \i ^ f"»«' oncft nroduoed . ItTs 
conceivable, although yet to be realized, that each of these 
levenU may be incorporated into the design of the gene 
transfer system In • raUonal way so as to tailor the gene 
transfer to the specific requirements of the disease being 
treated. 

Duratl o of Expression of TVansferred Gene. Hie 
length f time over which the transferred gene will func- 
tion Is of tremendous Importance. In U»e treatment of in- 
herited diseases, it woulid be desirable to have suble gene 
expression over many r"" Jl r?"*"^ ^ treatment of 
I malignancy , ^ possible *^ inny-ienn nroducUon of 
jttift dien peutic pfOtein__ cmiW b«vr drlrtftfious cons^- 
qa^^ Durable gene expression has yet to be conclusively 
demof^ated by any of the human trials to date, but this 
relates as much to the short term of follow-up as to exper- 
imental design. Vectors that integrate the transferred DMA 
Into the chromosomes of the rcdpient cell have the great- 
est potential for long-term expression. Retroviral vectort 
and adeno-assodated viral vectors have integrating func- 
tions. The persistence of the transgeoe DMA In the DMA 
of the ledfrfent ceH does not, however, guarantee long-term 
geneexpiwdon InthatcelLTtie prodttcUooof tlie intended 
mRNA and protein may decline due to Inactivatlon of the 
transgcne promoter even though the DNA persists. In some 
dicumstances, loss of Iransgene expression may occur due 
10 loss of the Uansduoed cell by host immune processes (*« 
JoUy, 1994, for detailed discussion of tWs Issue). 

Adtttse Consequences of Hrterblogoas Gene Expres- 
stoo. Along with factors that Umil gene transfer and ex- 
ncsslon, there is a growing list of adverse consequences 
that may arise as a result of successful gene transfer. As 
wbb any new drug. It will be Impossible to predict these 
cvcnU In advance of more clinical experience. Nonethe- 
less, some apecUic evenU can be anticipated todependent 
of the transgene employed. Because, In most drcum- 
stuiccs. gene (lansfer will result In the synthesis of a new 
proldo, the possibility of on Immune response must be con- 
sidered. A severe Immune response could Inactivate a sc- 
octed product (as Is seen In hemophUia patlente receiving 
factor VUI replacement therapy) or lead to an "autolm- 



mun " response to transduced tissues. In some circum- 
stances, the DNA vector Itself may be immunogenic, as 
has been demonstrated for adenovirus vectors. An Immune 
response to the vector may preclude lu leadminlstralion or 
limit the duration f Its effectiveness. 

Pathological events may arise from viral vector repli- 
cation. Significant efforts have been directed toward the 
design of viral vecton that are unable to replicate (repli- 
caUon-incompetent) In the target cell. TTiis has been 
achieved by the deletion of specific genes from the viral 
genome that are necessary for viral replication (Miller tt 
aL, 1993; tee also legends to Figures 5-1 and 5-2). In or- 
der to produce the virus, It must then be grown In vitm In 
a cell specifically designed to provide those functions re- 
moved from the virus. By these means, replication-defec- 
tive retroviruses, adenoviruses, adeno-assodated vinises. 
and herpes viruses have been produced. This approach does 
not completely diminate replicaUve potential in all cir- 
cumstances. The virus may overcome the deletion of repli- 
cation machinery by the use of unidentified host cell fac- 
tors or by recombination In tf»e patient with wild-type 
viruses. Fortunately, in the limited patient experience to 
date, these evenU have not been reported. 

EUiical Issues 

As witii any new technology, much attention has been di- 
rected toward ethical Issues of gene Uierapy. Many of Uiese 
Issues are common to all new and expensive forms of med- 
ical treatment, such as who wlU have access to the ther- 
apy, and who will pay for It The perception U»at thU tedi- 
nology could be used for germ-line genetic engineering has 
spawned much discussion as wdl (Ned, 1993). Also of 
concern U the possibility ti»al*gene transfer techniques 
would be used for "frivolous" purposes such as cosmetic 
•Iterations. While these Issues likdy will be topics of con- 
tinued dd)ate, Ihcy. at present, deal with very unlikely 
events. For example, gene transfer Into germ-line ti»ues 
to prevent future generations of affected children would re- 
quire -prophylactic- treatment of prospective parents. 
Since die risk of having an affected child In Ute vast ma- 
jority of eases Is dtiier one In two (autosomal dominant 
disease), or one In four (autosomal recessive disease), and 
the treatment will be ndttier wlUiout risk nor 100% effec- 
tive. It b unlikdy tfiat any reasonable parent would sub- 
mit to such a procedure. Even If Uiere were successful In- 
troduction of a new gene during the process of In vltm 
fertilization* It b unlikdy that the corrected phenotype 
would persist for more than one generation. TTic new gene 
would have to be Inserted toto Uie same chromosome (23 
to 1 odds against this), and In close proximity to Uie de- 
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fcclivc gene (100 to I odds against this), so that the new 
gtne would be tightly linked to the defective gene. AUer- 
•lion f normal characteristics is even more farfetched, as 
we have only a primitive understanding of the many fac- 
ion that control physical appearance, personality. Intelli- 
gence, and physical ability, and the genetic contribution to 
these characteristics. 



TECHNOl.OC.IES FOR in vivo 
CENETKANSFER 

Vk Weal DMA delivery system vwnild be one tlmt could 
accommodate a broad sire range of Inserted DNA. 
ivaiUble in a concentrated form, was easily produced. 
couM be targeted to specific types of cells, would not per- 
mil replication of the DNA. could provide long-term gene 
cuNtKloa. and vws nontoxic and nonlmmunogenic Such 
a DHA delivery system does not exist, and none of the 
available technologies for in vivo gene transfer is perfect 
with respect to any one of these points. As of 1995, three 
une transfer systems (retroviral vectors, adenoviral vec- 
10(1. and liposomes) had been used in human gene therapy 
trials, with a loul dinica! experience of a few hundred pa- 
ticntt woridwide. Consequently, the following discussion 
wW highlight conceptual strategies and bsues to be rcnned. 
lather (ban clinical experience. 



relevant and potentially immunogenic proteins, and there 
is no preexisting host immunity to the vector. Their appli- 
cation, however, is limited to dividing cells. Urge-scale 
production is technically possible, although purification 
and concentration potentially are problematic due to the in- 
stability of the virus. Several safely Issues have been raised 
bill have not as yet been supported by clinical experience. 

Rdfovlnises woe first described lor gene irsnsfcr tpplirtiions 
In 1981 and first utillied In dinlctl ttlril In 1989 (Rosenbei( tl aL 
1990) Rdrovlrvscs tie compoied of an RKA (enome thai b pack- 
aged in an envelope derived from hoil cell n»erobr«ie and viral pro- 
teins. For i\K rctrovlcua la etTect jcne expreirion. h musl fint re- 
vcntc iranncrihc ta porilivc-rtiand RNA Rename Into dmibleHrtrandcd 
DNA wl«ldi U dicn Inleenrtcd into die hurt cell DNA. Thb proccsi 
It mediated by reverse mnscrifiuse and Integraie prolelM contained 
In the leuovirw partlde. The Iniegrated proves k aWe to mchM 
cell inacl«i«y 10 cany oot iranicriptloo of viral miWAi and ih^ 

wbsequent procesting and tfanilatlon Into viral prMdns. The virw 
completes lu Hfe cyde by synlheslting iiew potlUve-strand RNA 
geoomes r««i the Integrated provfaw. An eW««««o« "iP-" W 
^hln die RNA mediates die organhailoo of die viral geoomlc RNA 
. nndprotdns Into particles durtlwd from die cell surface. 
D€s{sncfiheKtln>HnaVteior. The genomic organltauon of r«ro- 
h dmpic and dih propeny faelllutes Itt "'fP^J;'^ 

eonsencr* «e die most widely wed fetrovlral vocton (Milk* « «l, 
1993) Retroviral vectors are eonslnicled from die pioviral form ot 

d« vin«.Thef««. pal. t^'[^'^^^,'^,^^ 
die ge«e(t) of tfierapeutic Inierest and to eliminate 
r J^hm. of die vln« (ree RgMie 5-1 f« ''T^'^r;^^ 2 
10 8 Wloba«» of heteioloccws DMA c«« be Incorporated into the 
retroviral vector. Because all virally eofcoded mRNAs -"^Kmhiated 
from d« recombinant retrovirus, no f^JI^JS^JL 
ntroviral veetora. This remove, any P«««^ .^"j^^SS^K 
dttt migM lead to an immuoe response 10 d« wms^^ 
with d« gene of dierapeoiic lnte.^a«t._e.«*^^ 

olten «« InchKled In die .eeomW««« 
of .eiecing d- 1:^1^^. 



Vinil Vectors 

m natural life r^cle of mammalian viruses has matfc them 

a logical starting point for the design of therapeutic gene ^ .eieamg me t««^«».»» — ; — — - - . 
M»fer veWdei because viruses all transfer and express f„ •«*«t«y«»*»^*'l*"'*«*?^^^ 

::^rge!2ic material during Infection. In the sim- *l^,^^rr^:^lS^J:12SS^^t 
plest analysis. • virus consists of genetic matenal encap- 
sulated in a particle that can be taken up by the 
leading to the expression of virally encoded genes. For vi- 
ral vectors to be useful, several viral functions must be al- 
leted. At a minimum, the virus must be rendered repltoa- 
tion-lncoropetent to prevent uncontrolled spread of the 
tnnsgene and must have some element of Itt own genome 
Rtnoved to allow for Insertion of the trwisgene. Beyond 
this, additional modifications are dependent on the specific 
virus. Viral vectors have been used extensively In preclin- 
ical leseaich and are the basis for the majority fg nether- 
apy clinical trials now underway. 



RdioTtniscs. Retroviral veetora have had the greatest 
dinfcalosesorarand ffer the potential for long-term ex- 
pinsloa from • stably Integrated transgenc. They laOt it- 



slitanceio««iiwnjrwn,»s«.«i«".— , - 

gmmrdn B phosphotransfer-e^whW. '^^L'l^ 
^omidn. are two «Kh cx«nplct of aaUModc '"^"^J^ 
inuoduced hrto reuoviral veetora for V^,^^^^;;^^^ 
an amlWoilc lesliune. gene lacUiiatts Isolatioo of the ««o«w««« 
«t.ovin«a«dt«b.«V««to«nnlii-k»ofvin«tltcrjeq^e^ 

ulning promoter awl enhancer functions also may 

the trwisgene lo facilitate hi elTicieot expression and. In «on>e «• 

SJZL, to provide for tlspie-pccme ^^TS!^!^ 

uatim. fa *lr0. Ahem«lvely. die promoter "i"*^ '""^fc^ 
contained In dK long terminal repeat of die vfaus may be wed for 

«««»ml protein, and proteins dial mediate ^torir^l^tw"^ 
Wrose. caibe prod-ced only in q^ljy '^^^^Sl^,^. 
Ing cell nne. dui «e capable of providing tbMC f^^'^, 
o« 5-1 ). The packaging cell line U opdmally ^ ^1 

bly Inserting die deleted viral gene. (g«g. pot 
In rmA a mmner that d«e gene will mide on ^J^^^ 
MHne. widJn the packaging eelLThU rtrategy e«we« OM iteom- 
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col n>6nit)fBno • 

A, OvtnO ttntegy oCftttovlnl pcodacllocL Rcpttcatkm dcfccthrc rcttovim vectoct «e prodooed fiom 
a bdpcrccO Ihil b cafloecf«d to poHJe vM fdi^^ 

ntt.T1ie«af(0),|wl(PKtiid<iiv(B) DNA tequcooet tre docked toto DNA pUftnldt wtkh are 
Cbea tnnsfccted litfo fbe bdper oeU 10 
tf« pot. ud covtlope |«0CeiM itqd^ 

praHnI DKA, bat ladkkf f 4W, poC tDd Cffv 
pniAiar c«a wbWicwiUlw an of the wole^ 
vto that biwctedfato the tooccctaireme^ 
loio dw ictitMntt. Bcc«»c the itoonAU^ 
d»t lidt fcpUMttoo^ecthc ctcooM^ 

a Ejqjittrioo of fcnc of iRtefcrt 111 t«gct ee^ 
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UMtloQ of these |cocs b Mihly onlikdy. to the tbseoce of sucb • 
cMO«MutkKi,Itlslmpotslbklop^ genoailc 
RIU Citti coald be pftcUted Into • leptlcttloo-competcot vlni«. 
Tbe ptcUclof cdl Hoc Is wed to conitnicl a itfiwlrsi pcoditccf 
ecn Goe fhst will t^tmsc lepltalloo-^fectlve rctrovlnts conulo- 
kt tfie fcoeCs) of loierest. TMt b dooe by losertlnfi ibc leoombl* 
nat pcovfatlDKAlttt die pKUflng cell Hoc. Tbc itcoinWiwrt 
porriral DNA b In the foon of plasmki DNA coolslnlng the loo« 
icnnlfial itpctt scqococes fUnklnf a small portlofi of the gai gene 
diatcoaulos |he coca|>s{datloo scqueocc and the genes of Interest 
TWs b trensfccted Into the packtf Ing cell line tulng any number 
of standtfd tedinlqties for DHA transfer and upuke (clectropora* 
tkM. caldttm pcccipitatloo, ttc). Scwal versions of thb basic de- 
sign have been employed to decrease the likelihood of recombinant 
cvcau Chat could lead to the prodoctkm of replicatloo<ompetent 
vims (Wly. 1994). Additional modincatlons haw been employed 
to ahcr the host cdl range of the vinis. Thb b detennlned to a large 
ecient by the envelope gene (tm). The Moloney murine leukemia 
vlw envek)pe b ecocroplc. which means that Infection b restricted 

tolbe cclb of a particular spcdes. In thb case mouse. An envelope 
affofdittg n bfoader hifectloo range b avaiUbIc by using the €n¥ 
^ from the 4070A strain of murine IcukemU vlivs. Thb enve- 
lope gene hu amphotropk spedfidty and can promote the Infec- 
tion of human, amine, and other mammalian cclb. £>nf genes with 
tpcdfidtles that extend the host range to noomamnutian cclb also 
ira available. Eflbtts to design new Itgands bto the envelope pro- 
Idbi have met with limited success, as the virus produced often b 
of low Citcc Honctheless, the ability to spedficatly target the virus 
by fodesign of itt aaolecular stmcture b an Important goal and un- 
dodfCedly wlU icccive more attcotloo In the future. 
CStdodAitMMtnOom^fMmtnats. The dinlcal admlnbtra- 
tfonof ictiovintsea has been accomplished by the « Wn> transduc- 
tfon of paticoU* cens, by tlie direct MIoctkM of virus Into tbsue. and 

by (be admbilstraaon of the retroviral producer cdb. 

firHvoCencTVansfcc The «Ww approach hu been most widely 
co^loyod In human dtnkal triabJ Although cumbersome in that it 
ffeqdrcs the bobtloo and malntenanpe in tbsoe culture of the pa- 
tient'^ cdb. It has the advantage that the extent of gene transfer can 

be Modfied fen£ly and a spedTie popu l ation oTcdb can be larr 
gcsed. In additkNi. a high vatfo of viral particles to target cclb can be 
achieved and thus ki^irove die transductioo emdency. Thb approach 
was used to Btodify lymphocytes (Anderson rr cL, 199a, R<»^^ 

«r nC 1990; Odver cf ct, 1991) and l^ifiopqletk 
<f at 199afa tfietitatineatof ndenodnedeaininasedcffcleiicy^^ 
deraon «l A 1990). b the trtatmeot of hyperilpldemU (Oroswan 
«l dl* 1994) (s«« Rgme 5-4, bdowX and to eaprtss Imnnmc 1^ 
ubtotT agents te tumor cdb (UiCze as dL, 1992; Lotze, 1993; Lotxe 

«r ^ 1994). geariy. dl potential dbease •PP^catlofis are 
•oMdrfe to geae transfer; as the removd and culture of pa- 
tfek cdb 11^ not bo todmically possMe. In audi dicumstaoccs, 
Aeotteodocxkm of the virus frt vivo b necessary. 
In Hfo Ccne Tknnsf ei; Re tr ov iruse s are betog tested as potential 
atcats to treat brahi tumors whidi. In marqrdr cttm st an c ra , are ida- 

Ualj filacer i iff .Ir Here, ftc Idiereot diUHy of a tttrovbus to trw- 
duocody dWdtegcdb (tumor cdb) and leave nondhrldlng cdb 
(«orn«l brdn parendiyina) untoodicd inay be partkobrty advanta- 
geous. Ahhoo^ the dirtd stereotactic hijectkm of recotnbloartw^ 
tina bto the target dssoe b posslbk, tl« eiridency of ^ 
generally b very low. 



S«erd factors contribute to the lodndency of ictiovird gene 
transfer fri Wvo. Retrovirus prcparatkws are retaOvdy dihrte com- 
ptfcd widi other vectors, typbdly with 10* to 10^ pCaque fomdng 
uttlu per mllllUtct; i=ttrthennorc the virus can trusduoe ody dhdd- 
bg cdb. and within tfte target tbsue ody a amdl frndioo cf odb 
may be tfivlding In the time hitervd bdweeo Hrus h\|ectlon and virus 
dearance. TYmis. even with a large exocas of vim. only a frnctl^ 
the cclb Me eflectivdy transduced. Tb overcome dieae difllcoUlcs. 
Otdfidd and colleagues ( 1 993) proposed die administration of a retro- 
virus producer cell line directly Into pslkoU* brda tumors udag 
stereotactic lr\MI«^ 'Hidr hypodiesb wu dot die murine producer 
odi would survive widilo die brdn tumor for a period of days, and 
dut over dib dme period would secrete retrovhus capable of trans- 
dudng die surrounding brain tumor. Studies are hi progreu hi a Km- 
Ited number of patlcnu using dnis carrying die hopes virus diyml- 
dlne kinase gene. Thb gene renders die cdb susceptible to Ulling by 
die systemlcally administered amlblotlc ganddovb; which b me- 
Ubollzed to a cytotoxic metabofite by diymldine kinase. Scverd bn- 
portant bsues will need to be addressed before dib approach gdns 
vtrldespread acceptance. The abinty of die virus to ^use from die 
producer cdl to oonndghboring tumor cdb b not yet weU tiuanU* 
Tied. If die area of transduced tumor cdb b small, tumor odb lyirig 
hi microscopic cords of tumor tonitradng nonnd brdn might go un- 
tfeated. Abo unknown b whedier an Immune response to the xeno- 
gcridc producer cdl line predudes su bs equ en t rctreatmcnt of redd- 
1^ tumor. Thb vrill be very hnportaot given diat, over die dme of 
virus secreUon, dt tumor cdb may not be acdvdy dhiding. and 
dierefore some cdb might go otticadied. Serid treatments, u hi coo- 
ventlood chemodicrapy. might be required to achieve complete tu- 
mor erndicatloo. The resuhs of dinlcd trtab now under way and sub- 
sequent studlestnay answer diese queadotis. 
Si^tty^Reimirai^aorStrtUiUz. The use of retrovlrd vec- 
tors has rabed scverd Impoitant safdy bsues. One concern b dut 
iMcause die vhvs hitegraM Into die target cdl chromosomes (an at- 
tentive feature Ibr long-term cxprcsdon) and beicattsc 
curs Ui a neariy random fashion, bitegratloo could be nrntagralc 
example, undedred muutlons might occur if huerdoo of die rctro- 
vird DNA altered die function of a cdl growdi regdadng gene. Al- 
diough repllcatloo-competcnt retroviruses have tumorigedc poteo- 
dal. dib has not been obscsved wldi dim repllcadoo^ectlve vectors 
diat are In «e as gene transfer agcttts^MSttondly. dib has not been 
observed In any pattenU who have recehfed retrovlrd gene dierapy. 
^However, die ournber of paUenU ttudied to da^ 
:fdlow-«p too sboct for current dinlcal experience to be extrapolated 

to long4erm safety. , « ^ 

D et tK mstra dng that retrovlrd agents are fipee of r ep tlcattochCOCH 

petent virus b of paramount bnportanoe. RepOcadon-coopetent virus 

coddariaebyacverdpeatts.jitsnotcd,earikr;te c ocifal na!i o n ofdie 

Id^ovird genetic demeoU Inserted bito die packaging cell ttoe b.^* 

OMi^higly ttnllkdy. ReoorvMnadon wi& 

hdiS«*» diedtdlany pc«dble. There exbt homdog^ 

fdrovird aeqbebbcs widiUi die mouse cell 6^ 
agl^^ Bftct Ttie use of dog. or humsn-dertved p^^ 
Itoes diat are ftec of sudi scqwMces has been proposed (1^^ 
Reoomblaadon widi retrovird sequences hi die target ecD bftoo- 
fcdcally pondUe. Wild-type murine letroviruses, fiom which genetic 
vectors are deslvcd, do not bfea human cdb. Tberef ore. It b un- 
Ukdy did a wild^ype virus could tefect die same target cell and lead 
to rescue of die dcfecOve retrovird vectoc However; dwe do exbt 
endogenous retrovhwses In all human dssue (HERV-K retroviiuscs) 
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cfq|,|ave tow-tevd homology lo the ictroYlral vectort. l( Is ircfy itn- 
■psdy Chst thb type of itooml4nstloo 

Mtftutj i to lesd 10 cflnkftlly signlGcanf admse outcomes. In die fi- 
analysis, die safety of diese snd.ocher vecton must be dclennln^ 
by direct dlokal experience and dieh; safety wdgbed against d»clr 
flflhcntpeoclc bfoffitSi 

vlden viruses. Over 40 serotypes of human adeno- 
viruses are known, and many animal adenoviruses have 

ten characterized to varying degrees. The clinical spec* 
m f human adenoviral Infectl6ns Is well described (x^e 
Horwitz, 1990). Infections involving die respiratory tract 

Pe common and typically selMimlled In normal hosts, 
astrointestlnal, urinary* hepatic, and CMS infections oc- 
cur sporadically. Most, If not all, adults have prior expo- 

Eto adenovirus and are seropositive for antladenovlrus 
kKlies when tested by sensitive methods. In the United 
es, military recruits specifically are vaccinated with a 
polyvalent adenoviral vaccine to prevent outbreaks of res- 

Iiratocy Infections (Rubin and Rorke, 1994). In contrast to 
le retroviruses, th^ larger, nonenveloped viruses pos^n 
a_double-stranded DNA genome, and repikate independent 

Cbgsl jceil division. 
Adenoviral vectoa possess several attractive features 
I have encouraged their development for clinical use. 
They are capable o f transdudn jf a broa4 tp^ni"* j***^, 
Bff^ tt^ieg^ tncludif n^ respiratory epithelium, vascular CTj 
^g^ium, iTflnfiaff ffid iV^^^* \ muscle^ peripheral and cen- 
tral aervo **y tiirir. hcp^<Qgy<^i tl^ exogf ine panCTM S>and , 
^pny tl""^ *yp ^ Excep tiona lly hig,h levels of gene Unns- 
and transgene expression can be obtained In dividing 
^ad no ntf^^wg <»Ul ^Scveral routes of administrition can 
be used todttdlng Intnivenous, intrabiliar^Tntraperitoneal, 
r. Intracranial and Intrathecal inlcction. an3^ 
. IqJectloQ of the taq^ organ parenchyma. So far It 
^ \ wA b ey powlb l e to modify the adenovlnia to achieve 
^j^fr ^afic vfcuit . The multiple fouteg of ndministra- 
Mpa may ovcrconic this defSdencyJiy pmvldtng nexlbiljty i 
Tu targeting based on ftftat<>mk:alivyitv4ari<ri, 

Clinical triab ttsing adeixivirus have been limited to date 
■> the oogolng protocols for cystic fibrosis, where the re* 
PornMnanC adenovirus bdeOvcred by acrosolizatloo Into the 
fcspbalbcy tract Studies using direct administration of ade- 

eial vedois Irdo the liver to treat inherited genetic defi* 
ies and Into a variety of tumors likely will begin hi the 
fatureCseeOhnoelaL, 1994, and KozarslgrcrdL, 1994. 
as two examples of adenoviral gene therapy strategies). 

m l%e gefiomicstiuctttie of adeiiovlrttses Is moce complex dian that 
of fctravbusca. The adenoviral genome encodes approximately 1 5 pro* 
•elns.lnfcctk»tslxs place iritcn die ttber protein, <riilch extends fr^ 
^■he Icoaahedral capsi d, binds a ceQ surface receptor. Sobse<|oen(ly» 
^■Kptlde a e < ^ucn ces in die peoloci base poftkm of the capsid engage In- 




Icgrin receptor doratns {ajfiy, or ^ dK cdl niriace. This leads 
10 virus lotcrasOatkm via cndotomat pathways where die viral par* 
tide begins to disassetrtble. The virus escapes die endoaom e prior to 
ks fusion whh lysosomal compartments and thus avoids digesdoo. 
The virsi DNA Is •<>le to enter die tsfget cell midcus and begin trmn* 
scslpdoa of vhri mRNA widiout concomitant ceQ dWIslon. Ahh^ 
hil^ratkm of vM DNA Into die host ced genomic DNA can occur 
at high leveb of hifcctbn hi dividing cdht. diis b a reladvety hifre. 
quenC event and does not contribute signiHcantly to die MlHty of dicse 
viruses as vectors. Virsl gene expression and rcpllcatlan occur la an 
ordered (ashloa and ate ifrlvcn hi huge measure by die El A and El B 
genes hi die 5' portton of the adenoviral genome. Hie ElA and EIB 
g^ies provide IransactWatloo functions for transcription of scvcrsl of 
dietlownstream vhal genes {set Honritz. 1990). 

Since die El genes arc Involved InUmately In adcnovirtts rcpli* 
cfttkm, their removal renders the virus repncatloa-lncompetent or. at 
die very least, severely crippled widi rei^iect to replication. Que to 
the complexity of the virus, k has been more dlfficuh to remove all 
-adenoviral genes as b tfone widi retroykml vectors. The expression 
oT KicncNIrsI prdtdww wfUT the currcndy cmptoyed adcnovhai yec- 
tort, leads to bodi a cellular and a humoral immune response to re- 
comblnaM adenovlrti vectors, la some InstaiKes, thb inay Knrdt die 
utility of thU vector both In terms of hiost Immuiie r esp on iie to ade* 
novirally trsnsduced cells and widi respect to roidmlnbKnKicm^die 
vector. 

tfctltm cfAitHotiral Vecicnfor Ctnt Thtrapy. Ahhough several 
adenoviral serotypes are known, se rotypes 2 and 5 have been moM 
extensively used for vector construction. Adenoviral vectors can be 
constructed using one <»f several general approaches. A schematic di- 
agrsraoudinliigthetwslcclementsof an adenoviral vector design tor 
gerie therapy b shown fai Figure 5*2. Belt and colleagues ( 1994) have 
developed an adenoviral type 5 vector system based on bacterial plas- 
mlds containing the adenovirus genome with deletions t>f the £1 and 
E3 adenoviral genes. Detetkm of El renden the vhus repncatlo»de-~ 
feg[ive. In additlofi, all or part of die E3 region, whkh b not essen- 
tial for vinis function, b deleted hi order to accoramodate Che DNA 
Iciiericd htto the adenovirus genome. Genes of Iriterest can tie ck^ 

hi bactorUl culture! TY^prnJOcdj^asmM 

fected htto die 293 Bne of huiyw c;ii> b QO!j ^, idfdncy^oell^ The_293 
cetTTinelitt l>m aij^iiericd'to exprett El proteins and can dn? 
transcompletnMtdie Ef^leficleot viral gerioo»e.TTttjri^ 
1^ from 293 ccri media and purified by CndUtig dlludon plaqtoe 
Msays (Orahata andlVev^ 1991). Aa altemathw approach b to pti- 
pSe a plasreldcootahilag the gene of faterest flanked by adenov ir us 
I>NA aeqoenoes. TVansfectlon of dds ptasmld bito 293 cclb along 
whh genomic adeoorim DNA wHh selected deletions It^^ &Sf^ 
to formation of adenoviral particles vridi tlie transgene replacing El 
gates by homolagou s rccqrnUoa^ It b dib atrstegy diat b given 
In detail hi Figure 5-Z EidicrTCrect cloolng cr homotogous ftooni- 
bliMloa caa be used to produce E 1 -ddeted, repfkadon^oc^ 
novlrus. 

Large amounu of die engineered a denov i r a l vector system can 
be produced by growing fhe recombinant virus In 293 cdl cuttorea. 
The vhus b botated by lysing die hifected 293 cdb and purifyfog 
die etude iysate by o^om chtorkle density cenUirogatlon, a proce- 
dure that not only separates die vhus from other tissue cuttdre- 
derhred substances, but also ooocentrates the virus to very high dters 
(oyer 10" particles per ml). TheTwrified vhurbitmarkably stable 
In a variety of aqueous bolfers, and can be froscn for a prt>longed 
period of Ume without kiss of acOvtty. 
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gkw. ReooibUnam adeoovlras caoodinc a 

Mttteae b nankcd by a fMomotar aeqo^ 

fccre h ba»I oo adeiKwfawf 5. m adcoovlni* 5 DNA b di 

AeatoovlnttDNAloiaimeEl (I lo9iw^aitdE3pMloMJnui,)ittloittlocflioIn«^ 

Iff iHffw foocn for huertkw of <be trantfcoe. Horootofow recofriblnlton Uto pUcc brtwcca tbe pUsmM PNA tod the •AcMMna foaocrtlc 
DK/V 10 ykW <lic fiecoo*^ 

cite la cent other Ihtn lhosecagtoe^ 

AtoBncttttatfonoriKeptoipMbydtfertto 
fccfcd widi adctwvfcw r«w«fc DNA 1^ 
«o picvciit aulOQoroous adeoovfiin itpQcatloo^ 



icc«i«a«il adcfwvktti Wndt 10 tpcdnc wc^^ 

ctope of Che adaiovints from ihc endowmc prtor lo codosocne foUoa wHh and dcstiws loo by lytosomct. Tlic adcnovintt 
•i^iaaafed from Ac viral procdns and irweb to 

lR(thetr«otsefie,boo(fo(csratcdlatothetCfioTC §991 wUh pemOsstott} 
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B SodS^ lets Imnnmogoilc and offer ilgnin«mly lon«ef 

<fciede«ni(AiinenUno«<«l. l»4).Suteequ«lten«««««f 
oAa waort wlA •••frtional roodiriatl^ 

|«r die ose of ooohumw •denorliwes may adwnee die use of atfw- 

doa well « booe iMnow Brf qMKlUI wrf (W*. SUw «* 

ZTof Ae l««.«ene. <l«.gh.«r ctH. PI^JS^l^ 
cvwtedly i» «pte of «he tnasgenc. Ii«efr«i^ 

Baly wflJ be bon« out by ettnt«l dinlcd tridj. Tl^^ 
pd .Me effeett are Ihim Ae bort tomone iw|K»«e to dtc ederK^ 

Ssdiia. a lte*a«lo« thai may be enmlnaled by r«««« r«^^ 

I SoTtV^ b «xne concent l«me«r. lf«» *ec^ 
tafce place de^*e icmoyal of lmport«« rejulaiocy p«e«. S "« wW- 
t«S«K^lnfcello«. are common, «lK«e«btt^^^ 

I to Dradwe lepOcalioii-comiieleiil. recombteani vbw. AWwopi ooi 

|a»d iteTbe able to pmfcJe a P««»»««>*« "^J"?^^ 
WJiKvlml lepBcalloiu Wilh Ae prefer aifciiovliml 
Sr«Xir.«rfo«.lnrecUoo.«lvealhepreB^ 
maiiy lo adenovW Infcetfcm. Howeve.; If f«t«re. •*«^ 
« iMe to evade Ab protoeUve B»ecl«ilim. dien rec«»!*^ 

I icplfcalkw may beoomea greater concern. 

rAdoMHAssodafcdVints. AdeiK>-«ssod«todvliu$(AAV) 
•ppeut to have many of the dedrtble ferture* of feuo- 
X«« -fciKMni. wliboul wme of ^^V^ 
dnwlMcks foe applicatloa to jeoe Uienpy (KoOn, l WJ. 

ITT«e ftagteHUwKled DtU, iwntutonomoos pao^^ 
t^lblc to tntegi«te emdenUy Into Ihe genome of noaOi- 
ymg ctOs of a very broad host nngc i«>^^^.^ 
wild-type virus b specifie for duoinosoine 19 (19qi5J- 

d^prtfertotid I»te8n.«i<« « 
AWwogh nbMtous In nature. AAV bu not been sbo^ 
to be associated with any known human disease and do« 

I Dbt elidt an Immune response In an Infected human host 
AAV U a nbhenveloped virus that U stable to a vanety of 
chemlcd ind physical manlpulatloos and thus caiibc purt- 
fied. concentrated, and stored for prolonged periods. 

I At present, the use of AAV as a vector for gene Iher. 
■ apy U 'limited by difficuIUes In producing the virus In large 
, quantities and, more ImportanUy. by a lack of understand- 



ing of Ihe Uology f the recombinant virus. For tastance. 
It remains to be determined whether or not these vectors 
have Ihe ability to infect and integrate int nondividing 
celk. an hnportant feature of the wild-type vlnis that has 
promoted itt use. There Is little experleoce In human beings 
with these new vedon. Hie Recombinant DMA Advisory 
Committee of iheNaUonal InsUlutes of Heailh has approved 
the first human trtel of AAV in patlenU with cysUc fibro- 
cis TTiis trial may provide Information about the duration 
of gene expression following AAV-mcdlated gene trwisfer 
Into terminally differentiated airway epithelial cells. 

AAV hat iwodfaUnet phase* to Itt Ufe eyde. In Ae absence of 
helper vtow (adcnovbM). Ae wIM^ype *liw will hifect a host cell. 
Int^le Into Ae bott cell genome, and remain Uteit for • »«« Umc. 
InuTpreaence of -lenovlm.. ite lytte l*«we of 
wWchb dependent on Ae e«pre«lon of earty ad«io^ 
|c«b to aSvTvlw itpllcaUon. Swctonlly. Ae AAV roomc b 
™o.ed of I1W open reeling freme. (called rep and e;y) flantod 
by Inverted lennlnal repeat (ITTU) »q|wia*^ 
to« woteint which mediate AAV repHcatlon. vfcal DNA irew^ 

«l«Klo««ka« fm-cllon. -red h 

-n^w fcne* are Ae only AAV KS««e« •«P**^ 
S^TvSr •equcnce encode, itna^wd r«tH 
Sd-pS.^ muc^ Ae vini origh» of repficrtlon. pw- 

m fSoaof maiV of Acre pretelof and Aeoverdl 14^ 
3^SXn^toielytawa<Kypeito«^^ 
SSSwLt. replfcatfooHfcfectIre vburea Aat have bea 

Wii lett vrell irtidled. and H b not know^ 
ZnM^ feamre. of Ae wild-type ^ (te, ifcwpcclfic bte- 
greUon In « nondividing cell). j..,^. 

^ttSductloo of AAV In l«ie «l^«»" •^^"S^^'!^^ 
fKutt lh«i piodoctloo of retiovlrere. or adenovliwM. R«^^ 

hLu necemiy for AAV repHcaltoo faito a penntotre eeO line 
jS5aSSSlAln.ooi^y«.odBeAod.pIa«nfclDHA^ 

22^4^^ «der Aecoolril of AAV 
SHTb^ecS Into 293 celU. DNA ««-S^«!^d^^> 

ISm P«Mde. Irfper fonclloni Aat 

S^!*3M.*«o.cve.«««-«^^ 
type Vina. Improved ayaterai tor ituutuUn a nt AAV 

rep^S^&oo..$«cha«appro^orf^ 
l^nfectloo acbeme. bat abo wooM provide rep ai*4apt«VW«» 
S^^SSwe. and A« bad to hlgj« y^ 

VacdnlaVeclort (Pox Viruses). The extensive cOntol 
«perience witi. vaccinia vaccines and ibck case of ma- 
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iiipoUtioa have led t efforts! develop gene Uicrtpy vec- 
locf from pox vlni«e$ (Moss and Flexner, 1987; Moss, 
1990). Vaccinia are larjc, enveloped DMA viruses that 
ceplicate in the cytoplasm f infected celU. Like aden- 
o^inis, they can infect nondividing as well as dividing 
cdts from many different tissues, and provide short-term 
gene expression from a noninlegrated viral genome. Re- 
combinant virus can be produced by inserting the trans- 
gene into a vaccinia-derived plasnUd and transfecting this 
DNA Into vacdnia-lnfectcd cells. Homologous recombi- 
nation leads to the generation of the rccombined virus that 
can be plaque purified. High yields of virus are achieved 
easily and can be stored for long periods of time. The vac- 
dnU viruses can accommodate much larger DNA Inserts 
than carl retrovirus, adenovirus, or AAV vectors. Addir 
donally, sbice the wild-type virus no longer exists In the 
wild, recombination to produce new strains of virus is un- 
likelylX significant drawback to the use of this vector sys- 
tem Is that It eliciu a host Immune response to thcl50 to 
200 vTralty encoded proteins. This is likely to make re- 
peated administration problematic. Replication of the vec- 
tor also Is a concern, as it can result In significant mor- 
bidity bi Immunodeficlcnt hostt. This might be overcome 
with newer gerkcratt'ons of engineered vaccinia virus. At 
present, this vector system has not been adopted for clin- 
ical trials f human gene therapy, although it may be use- 
ful as a vaccine vector. 

Herpes Simplex Vlrus-l Vectors. The herpes simplex 
vims b a large (152 kb). double-stranded DNA vims that 
ittiicates In the nucleus of infected cells, it has a broad 
ImTcdl range, and can Infect dividing and nondividing 
cdls M well as persist In a nonintegrated sUte. Large se- 
quences f focdgn DNA can be Inserted Into the viral 
genome by homologous recombination, and the replica- 
tioa^ective, tecombhiant virus can be plaque purified on 
transcomplementing celU OB*). These advantages for 
gene therapy strategies are countered by the difficulty In 
rendering viral preparations totally free of replication-com- 
petent ^rus and the ellcltatlon of a potent Imihune response, 
10 viius<ncoded proteins that art direcUy toxic to die tcll^ 
Dapltc these apparent drawbacks, advantaget such as their 

•bOhy to accommodate large DNA Inserts (20 to 30kb). 
the availability of high tHer rtocka. and their neurotropism 
have^uTated interest In developing useful heq>es virus 
vecton is€€ Kennedy and Stelner. 1993). 

I)ekdoo of the vlfil Aymidlac Waste fcnc loites the h^ 
^ fcplkttkMHiefectivt In cdls whh tow kveU of «»<>Seoo« 
Cbymkfiiie Untie (U. •ennlaally dUrcraiUited. aondtvfcnnf ecnsV 
U cooM. celU tmderfolnf acOve ccO dbMon (eg ^ tumor odU) 
ponen sofficfcot thyrnkfioe Uomc actMty to allow the tfiymWlnc 



Icinsse-^sti^ herpes vinis 10 itpticsKe. lids type of vt^ 
useful for trctflns boracraaUt tamoct, as the tumor oetis, 
iieiaocis. win telcciivdy iraderfo seoe traosfei: Sinre vector re^^ 
tioa occurs, systemic dtisemifuOoo pocesOally caa occur whh this 
vlrml vector. ThU b imich leu Itkdy b Immufiococnpetem bosU be- 
<»ttse the faortcelluttf imrnuM response Ukdy wU^ 
of& vfaittl The ttse of hetpcs vinu vectors la ImnM^ 
hosts, %vWcli may lodttde some c«ncer patknu. U pofentlally protn 
kin|i!c(xtf«V»lyi-Nasycrfl/. 1994). 

Other Viral Vectors. The need for tissue-selective gene 
transfer has led to the consideration of a variety of other 
viruses, including HIV, the minute virus of mice, hepatitis 
B virus, and influcnia Virus, as possible vectors for gene 
transfer. These and other viruses may find applications 
based on aspecU of their life cyele that result In tissue- 
selective gene expression or other unique feanires that lend 
themselves to specific diseases (see Jolly, 1994). 

Comparison of Properties of Viral Vectors for Gene 
Therapy. Boviatsis and colleagues (1994) recently com- 
pared the usefulness of recombinant rctrovhus, adenovirus, 
and hapct virus vectors in a rat brain tumor model using 
the gene coding for bacterial /5-gaUctosida$e as an Indi- 
cator of gene transfer. Although their experiroenU did not 
definitely establish vrfiich vector Is more efficient at gene 
cransfei; useful distinguishing features of each vector were 
nonetheless noted. Following intraleslonal adndnlstration, 
die retrovirus and herpes virus vectors selectively effected 
gene transfer Into tumor cells over neurons and other en- 
dogenous brain celU. In conteast, the adenoviral vector 
transduced brain tumor cells as well as neighboring nor- 
mal brain parenchyma. In the case of the retroviral vector, 
selectivity for the tumor cell resulu from the idrus*s re- 
quirement for cell division as a prerequisite for transgene 
Integration and expression. In the case of the herpes virus 
vector, the selectivity occurs as'^a result of differential ex- 
pression of endogenous thymidine kinase In the tumor cells 
(very high) veaus nooneoplasdc cclU (very low). The ade- 
novirus showed little cell selectivity, and any preference 
for tumor cell expression probably was a result of the site 
-of Injection (within the tumor). Another noteworthy ob- 
fcrvatioo was the degree of toflammalion and necrosis that 
occurred following gene transfer. The retroviral vector In- 
duced no significant Infiammatory response, and that In- 
duced by the adenoviral vector was minlmaL However, 
prominent Infiammatory Infiluates were noted to the brrfn 
tissues following herpes virus-mediated gene transfo; Al- 
though this study suggests a useful role for the herpes virus 
vector in Ueadng tumors, the clinical application of such 
a vector likely will be difficult Additional measures to con- 
trol replicallon of this human pathogen-tkrived vector will 
have to be Instituted, and the consequences of a potentially 
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mac Inflammatory response will need to be addressed* 
lltomoce. as Bovlatsb and colleagues (1994) point out« 
le latency f this type fvcctor Is unknown, and it Is thcrc- 

f possible that reactivation by recombination with wild- 
virus (thymidine kinase positive) could occur. 
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wvlral DNA Delivery Slruleglcs 

luse of the potential limitations of viral vectors, in- jr* 

estlgatora have examined the use of nonviral agents to 

Bliate cellular uptake of exogenous DNA. These DNA 
very systems, which include uncomplcxcd plasmid 
>NA, DNA-liposome complexes, DNA-proteln com- 
Jmes, and DNA<oatcd gold particles, arc constructed 
Ki blown components. Therefore, their composition, un- 
R complex virions. Is well-denned In addition, their for- 
lulatlon technically is much easier than that of viruses 
mt in many cases, these DNA delivery systems can be 
Bduced without the need for cell culture. 

teriSed Uncomplcxcd riasmld DNA. Surprisingly, porifted DNA 
■mRNA) can be if\)e^ diiccUy Inla U»we* ■nd rewilu In Iran- 
l« teneexpccttkMi. Tills btt been best lllus^tcd in mu^ Ussoe, 
tec direct liOccikm of imcomplcxed DNA b mort cfl^^ 
r «t (I99Q) demoostratod thit purified ptasmid DNA or mRNA en- 

thig a icpoctcr tenc cooW mediate (ransgcne expreulon Ibltew. 
direct iqfectloo InCo the quadriceps mosde of a nK>ose. 
ecdoaicsolted la longer gene expression (s«t)Stantial gene produci 
^ -cca after 60 days) than did mRNA Injection (expreuion de* 
I after 18 bows). The DNA likely persUu as vnlntegrated plas- 
i hShct thao'ln an Integraced rorm, A direct comparUon oT 
i0ci>«rTuaf and cetrovlral vectors with Injected picutmid DNA In 
B uitoc p ma cleteoe transfer revealed that all three tysterns were rnore 

fleat at gene ttaatfer la regenerating mosde (cardiotoxh^Ui- 
4) llwn ki mtofc normal mooae mo«^ la regenerating mut- 
Aese DNA ttaasfer systems were eqoaHy cfficJcnt, as assessed 
by wmAer of ooade Gbcrs expressing the reporter gene. Stir- 
^riogly> inatuw fibers, gene transfer lor direct ejection o^ 
■d DNA vvas superior 10 tfiatvathdthcr of the viral vectors (DavU 
■at, 1993). la ddrtkm. no fanammatory itspoose was seen fol- 

dlcwt DifU bJedJon. whereas niM 
^ cidier viral vector; lb dale, direct bjectloo of plasmid DNA to 
Im shown 10 Uglily eOccthre ody b skeletal and ca^^ 
K^lis effectlveiKSS may depend on featotes tmlqoe lo the mosde 
Gbec 

ft^-OtttedCddParlkka. plasmM DNAcanbeamxedtogoW 
■iftkles(appro)dmatdy I mkson In dtametcr) and then ""shoT Into 
^eiWal cells. The DNA b copttdpUatcd onto the goW part^ 

and then propelled from a rnylar sheet using an eleetrk apart or pr». 
■atood ga» as the motive Ibree. Thb a<><alfed gcne-gon CM 
Knoceferate the DNA<oatcd partldes teto sopedklal celU of the 
^in (epldcrmb) or bio sWn limiors (rncUnoinas). Ckne expre^ 

lasts only a few days, whkb may be more a f unctkm of the cdU lar- 
•eted («^^ slJn ccfls that are sloughed) than the method of ddivery, 
■i anbnal modds. gcne^ ddlvery or DNA vacdnes Is Mghly ef- 
^ctIve(Fynaa<rdU 1993). Oene-gun ddivery U Idcany salted to 
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gcne^lated hrnnutdxatloo, where only brief cxpressloo of ant^ 
b necessary to adileve an fattwmcrespoofc. 

Because of the Umlted depdi of DNA penetration. thU tedmlqoe 
U limited to surface cells that can be accessed directly. Rmhermore. 
since the cpldertnd Uyers of the stin art rich hi antlgeniiresettang 
cdts. they are a preferred target for vacdnatioo. The slmpllchy. 
safety, and teduilcal ease of preparatloo of tWs DNA traitsfer system 
make lu large-Kale appllcalloo more fculblc than available viral 
I>NA ddivery systems. 

Uposomes. Uposomcs have been used exlenslvely as a 
technology for delivering drugs experimenlally to the in- 
terior of cells. The ptemlsc Is thai by sunounding hy- 
dcophlHc molecules with hydropliobic molecules, agents 
otherwise Impermeable to cell membranes might be es- 
corted Into the cell. PotenUal advantages of such a deliv- 
cry system Include targeting drugs to an Inlraccllular lo- 
cation and reducing toxicity. 

The basic challenge In in vivo gene therapy Is to de- 
liver a transgene, a large hydrophllic molecule, across the 
plasma membrane and Itito the nucleus where it can ac- 
cess the cell's transcription machinery. Liposome delivery 
technology appears well suited to this task, although It has 
not proven to be as eCIldent as hoped. 

Liposomes are either unilamdiar or muiaiamcllar 
splieres that arc manufactured using a variety of lipids. 
Thdr ftnictuie can be tafluenced by choice of lii^d com- 
position and manufacturing process. Protdns arid other 
nonlipid molecules can be Incorporated Into the lipid mem- 
branes. For convenience, liposomes are dassifled as either 
anionic or cationic, based on their net negaUve or positive 
diarge, respectively. 

AtiionU Uposcnuu The first in Wwo ddivery of genes using lipo- 
. tornes wu reported l>y Wcolatt and edleagoes (I9S3), wbo^^ 
sotated a DNA transgeoe coding for Wwdto Into anloolc Kp owmes 
and Elected the complex hito rats. The trtasfocled ttts had bCT 
drculattog Icvds of tosoHn and decreased Wood glucose concentra. 



In sphc of tWs eariy success, there are dgdficant drr^badato 
Ibc aac of anfcmfc llpo«)mcs for ddhedng DNA. Theae stru^ir^ 
when gWeo Intnivenously, primarily targd the tetfculoendothdlal 
cdUoflhclher.inakhigthemoflittk««foroth»cdlta^ 
cause the substance to be ddhwed most be eocapstrfaied whhto^ 
npoaomes, <he aMnafactoring process Is eomplea. Also.mortJWA 
ooosttuctkms necessary for r« therapy « large «r^^ 
llpottKnc. ao that enciiwilatloo dTiden^ 
blWtlvdyaoforfeactk^appltotloos. . ^ . i.,^ «r 
Vkloua protdns can be tesatod bito the cxiemd lay«r of 
liposomes to alter thdr M ^vo bdiavlor, toduding cdUdecUve 
ddivery. Thb ippioadi can enabte llpoaor« 
to evade the letkulocndodidid systern. Protdn Bs«>d^ or arttt^ 

lea to cdl aorface mofecales inoorporated teto the Gpoiome sur- 
face abo can target Kpoeomcs to spcdfic cdl surface receptors on 
desired cdl populations (Wo and Wu. I9«7). Although promising, 
these strategies have not yet been applied sucecssf otty to gene 
therapy. 



1 



aiAPTERS CENB-BASEOTIIERAPY 



91 



C^mk Upcsomit. Mfocr ««d co^wo^^ 

rclemty W«^^ acids (whkh « ««<>«^>J^tSS^ « 

3«Uc«Somc. it^lily cdU hi ailcyit wUhompocyt- 
Ue teiory K> ihe edit, A dlafirtm lllu«ti«Hng Ihc presumed nwcfia- 
»{sm for cttkmfc fiposomc-pUsmW trwufcctlofi b flwi In Fi|u« 

^^'lit Wvo. crtkmlc liposomes htve propefties qoHc difTefOil from 
those of «nloolc liposomes. IncnvoKKis liOeclloo of caikmic com- 
plexes has been shown lo erfed trmnsgcoc cxprettloo In mwt ofgww 
Iftfiriiposome-DNA compleJi U Injected Imo ibc sffeitm blood sup. 
ply to rficoiiin. In addlUon, the liposome-DNA complexes can be 
Stolnlstotd by Imrsslnwy Injection or •eiosol lo t*f«cl hrng ep- 
khdittm. In experimental ammtU, ndther Intrawwus Injection nor 
icfosol dcBvecy of catkmic ilposomc-ptosmid complexes appears to 
be loxlc (Bri|;ham <f «C 1989). 

Cttioolc liposomes have been used lo deliver DNA c««c coo- 
ilnKts to sc%tr»l experiinentd rnodeU to 1^ Kabd and cc^^ 
(1994) ddhcttd ■ foreign hlslocompallblUty t«w by diitet "Uec(|on 
of plasmkHtposome complexes Into tumors and showed •tt^'n^ll^ 
of ETpowth In murine models, Hyde and assodates (1993) 
showed dial catlonic lipofome-medUtcd gene transfer could correct 
CFTK^depeodent« cydic AMP sUmulated chloride conductance lo 




DUgrammatk represeotatloa of how catkmJc Rpowjme- 
plasmld corf^lexes are chooght to dfecs gene transfer lo a 
cdL Uttk b known MKWt the actual structure of Ae pU$* 
wld4ipo»mc compkaL Ulxwbc, processes affcclU^ 
«*y and transport to the aockw are yd 10 be darificA The 
elrarf^ plasrnid OrU doea not readHy teoorporalc Into the 
boat gerwme and does not icplfcatc lo marmoalian cclb; 
diostrmgene expression apporcnily b cpbomal In nature. 



oorinal Icvds to transgenk mice hon^otygoos for a lurtl mutailoa to 
CITR. lUbWi ghen totravenottsly the gene coding for Ihc proximal 
eoryme to prostanoid synthesb (prostaglandin ayothasc) as a 
pUsmld<atlonlc liposome complex produced Increased amounu 
of codothdlumnderived prostanoids lo diclr hmgs. TWs protected die 
lungs of (he cransfeded anlmab from the cflectt of cndot xemla 
(OonarycfalL. 1994). . . ^ ■ 

Table 5-1 Indudcs therapeutic goals In cariy stages of human 
■pplicaUoo using llposome^medialed DNA ddivety for gene therapy, 
such as dcGvery of foreign histocompatibility gene lo tumor*, ddhr- 
ery of the human cri-«ati(fypsto gene lo the nasal nuicoa of orr 
antluypsln-dendent paOcnU and to subsegmenU of the tongs by 
fibcroptk bronchoscopy, and ddlvery of the CFIR gene to Ihc nasal 
mucosa of paticnU with cyalc (ibrosU. 

At present, liposome-medtatcd transfcdkm offers a nontoxic, 
ooolinmunogcnlc means to deliver DNA lo a variety of tbsues. Oir- 
cent usefulness of Ihb strategy b limlled by gencraHy tower Icveb 
of gene transfer than can be obtained %ri(h virxl vectors, although newer 
nposome formulations offer Improved gene transfer cmccndes and 
better physical propertfet. tg.. higher concentrations of complex 
without aggitgatlott.The appncatlons for liposomes In geoe therapy 
likdy win expand as better rcagcott are developed, paitlcttlartylhosc ' 
thai fadliuie targeting of specific cdls. 

W DNA-Proldn CdiUue&lts. Scvml groups have ttevdopcd 
^cell-spcdfic DNA-dclivciy syatcms that udliic unique cell 
gurfocc receptors on the target cell (Michael and Quid. 
1994). By attaching the ligand rocognlted by audi a recep- 
tor 10 the Uansgcoe DHK ihc DKA^Iigand complex becomes 
sctoctivdy bound and IntcmaTized Into the Uigct ceH (Wu 
Olid Wu, 1987). Tl»c$c molecular conjugate vectors are al- 
tmctive because ihcy potentially offer cell-cpedftc gene 
transfer without the attendant problems of viral vectors, stich 
as replication. Immunogenic viral protdns. or recombination 
potential. Inlttal modd systems focused on developing ef- 
fective means of attaching the DNA lb the ligand using poly • 
cadons, antibody-andgen complexes, and btodn-stiepUvMin 

liniccfs. Mii^y«'«^ tP"-)- •jx>'y^«»« ^ 

used as It can be easily coupled lb a variety of proletn Ug- 
tSdrby"a»«iilcd cross-linking methods. When Ae PLb- 
ligand adduct U mixed with plasmld DMA, iMCioinol«»!ar 
complexes form In whldi the DNA b dcctrostatically botmd 
to the PLLpflgand motoculci.Tlicse.loipldri stni^^ 
toloO nm in dUmder) present ligwi&JsAscsU W 
ccplor that are efTidcnay endocytoscd. Tbe transferrto re- 
o^6rCZenke<f ot. 1990), the asWporosoc^^ 
^tt and Wu, 1987), and cdl surface carbohydrates (Batr^ 
etaL. 1994) have been used to dcmonstfiue the potential of 
llgSHd^iicdiitia gene ddivery. The aslaloorDSomucold re- 
cq^torbof particular Interest because It is found almost ex- 
dusivdy on hcpalocytes and therefore might be 4i$eful in 
mediittlng gene transfer Into the Uver. 
" Early DNA-llgand cotnplexes were InclTident for 
DNA transfer because most of the endocytosed complex 
was shuUled to the lysosomal compartment, and DNA was 
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cben degraded. Although several agents (cg^ chloroqulne) 
have been used t blocklysosomal degradation, the efTt- 
dMcy r transfection is still low compared with other 
DNA-delivcfy methods. A more fTective approach is to 
utilize Che cndosomal escape functions f the adenovirus* 
As described earlier, proteins in the tdenovlnis capsld pro- 
mote escape of the DNA complex from the endosonie prior 
t fusion with the lysosome. Although metabolically inac- 
tivated adenovinis theoretically could be employed to es- 
cape lysosomal targeting, the concentrations of adenovirus 
required to ensure colocalizatlon of the vinss and the DNA- 
protdn complex to the same endosome are so high as to 
Induce adenovirus*mediated cytopathic effects. Conse- 
<iaently, investigators have constructed physically linked 
complex^ between the adenovirus and tlie DNA-ligand 
•Siuct, thereby ensuring their simultaneous delivery to 
each endosome and diminishing tlie amount of adenovirus 
fcqulred to escape lysosomal delivery and degradation {s€€ 
Fisher and Wilson, 1994). 

IVvo fcacrtl tppcosdics have tmci used lo constnia adeo^ 
ONA-afMd cofiiplcMS. Poly-c-lytine can be covafently atuched Co 
purified adeiKnrIrd particles ttting a wtter-cottitrfe 
Is ibai mixed wkh aslafo-omomucokl ceocptor-f>oty-c-f yslno-DNA 
locoMs to Uxm dustets of Icosabedral adeoovfral ptfticks and 
•oiolds. tbe sise of tfiese dttstcfs varies frocn small dostcn (<200 
wa) wicb siogfe loitfids coopled lo two viral paitldcs ^ 
Icrs (200 to 300 nm) cofitalnlng more tfMM a doxen viral perticfcs and 
lovoldt. Tlie compodtkw of the dostert Is r^veriicd lor tlie amotf^ 
of poly-c4yshie atudied to the viral parUdes. These complexes 
addeve bl^ Icvds of bepatocyte-spedric fcne tfansrcr at low 
coooeiaralloca of vlnis than do mUUires of imlinkcd torolds and ade- 

Mvim(fC€Gdsdanocraf^ 1993). 

This lediaolofy can be further Impcovcd by layering die DNA 
aod Ogttid ever the sorface of the adeaovires 10 create a coated ade- 
wvbus, father tfm die dd^^-dde (virvt4orold-vin»> stioctorcs 
dcacrfiied dm CBsher and Wilson, 1994). Tlib estates sioale vM 

pattfdea that ictala tfidr eadoaomdysis aUlity, are coated with DNA 
and cxieod the asiato^NosomtKold ftocptor from the partSde surf ace. 
TlKse amaUcr parlldes (<100 am) stitt rctehi tonie adenorlrvs re- 
ceptor reoognhkm and «v(<lc«> <i(nih>f ^ 
but Ihdr smaller she may male diem better able to traverse die fesi- 

csMed bepalk atdodieOom. The use of two fcporter genes, ooe car- 
lied b die plasmid DNA and die odier hi die adenovirus tenome, 
has alknMd die sfamiltaneoQS assessmetit of vfrd bfectivky 
ndoicy of plasmid feae transfer* By decreasing die amottflC of ade- 
novirus tec|olred. vints4Ddooed cytot^^ 
laaled.Tbe pctsciice of two receptor padiwart for DNA entry (11^ 
nbeptor and adcDOvirus leoeplor) dcariy dlrdidshea die spcdfidty 
of dOs DNA ddhtry systern. Tbe adenovirus receptor padiway can 
be cflecdvdy dimhiated by using aa antibody against adenovirus 
fiber protdn as die means for Kokage 10 DNA (MIcbad and OnkI, 
1994). aa approach dial obUterates die abllHy of die virus to bind 
adoNrdnis reccpton but not lu ability 10 nnedi^ 
FMhcr reftoeoients, such as die use of purified endosomalytk pro- 
idA nuher diaa Intact adenovirus pahkiM, sbootd enhance die 
ity of dds type of DNA-ddivcry system (Sedu 1994). 



DISEASE TARGETS FOR GENE 
THERAPY 

Orguit-Dircclcd Geiic Tlicnipy 

r Liven Uver-directed gene therapy has emerged u an im- 
portant modd for the treatment f inlieriled and acquired 
disorders. The liver can be alllicted with a variety of meta- 
bolic. Infectious, and neoplastic diseases for vdddi specific 
molecular interventions can be envisioned* For example, 
gene transfer niethods might be used to ddiver interferon 
alfa for the treatment of hepatitis B, cytotoxic therapy for 
hepatic cardnomas, or to provide a missing gene to cor- 
rect an inherited metabolic defect Potential applications 
are made more feasible by the existence of mult^le meth- 
ods for targeting gene transfer to the liver. Molecular con- 
jugates, adenoviral vector^, liposomes, and letrovird vec- 
tors alt have been used for bepatocyte gene transfer. For tn 
vivo gene transfer, the liver is accessible by a number of 
routes, Induding direct Injection and Intravenous and In- 
trabiltary administration of vectors. Ex Wm> strategies can 
be Implemented by partial surgical resection of the liver, 
isolation of hepatocytes, and tn vUtv hepatocyte transduc- 
tion. The genetically modified cells can be relmplanted into 
the liver. 

FMthl Hfp^rdi^UsUroUmda. FWlestt wida faidnd bypcrdio- 
lestmlemU have an litlwrfted deficiency of the low 
tdn (LDL) leoeptor and, as a consequence, develop exuemdy bls^ 
plasma levds of chdesterd aad aiteriosclerosts at a very eariy age 
(see Chapter 36). tbe genetk defecl madfesU Itself as a dinihilshe^ 
dfiUty of the liver to dear U>L partldea ffom the Mood, and 
ll(rikl Icvds pcbvlde a convenient marter of the disease. Ahhoofh 
pb«nnacologlcd hiterVcatloas have had HmHed aocoess, correction 
x>f the bqiatlcdysfttocdoti by orthotopic Kvcr CramplanCatlon leads 
10 iionnatlzitlon of blood Bptd le^ and slowla^ 
pcogcessloa.l1ils cTuiIcd observatloa soggesled that If die Kvcr co^ 
be geocAkany modified 10 express die' LDL rcoeploc; the sane bca- 
dstt might be achieved. Ihe Wataaabe hedtabte Iqrpcrt^ 
bH has acwed as an Ided adnul modd to demoostrale dMt tfib ap- 
proadi codd lead 10 persistent redoctloRS hacsmi LDL Cm« 
5-4) (Cbowdhnry <r «t, 1991). Sevcfd patleats vam have been 
treated ia acCalcd trtd asfaig an ervii^ DKA ddhery approadi and 
ictrodnts 10 hilrodoce the LDL receptor tm Into hepstoqrtea 1^ 
bled from die patleatt fdlowlog partid hepac^^ 
oL, 1994). Tbb study demonstrated die fcaslbllUy, aafeqr, and po- 
lentid eineaey of cr Wio hcpatle gene dmpy. 

Hie overdi stKxcss of DKMnadcr faHo hepatocytes wW be 
detcnnhied by acvcrd factors did coricfldy aie tntoovn. In pardc- 
dar, very Ihtfe b Imwn about die aormd taroovcr of bepatocites 

and how dils wilt rdate lo die perdstenoe of geoctkatly modified 
cdls. An hnmane response to die dicrapcolic gene prodoct a poten- 
dd problem for an gene dieraples of ddideocy states, has iwt been 
. observed to' dste. The polcadd for die dicrapetttk gene prodod 

serve as a neoandgea tnay vary among dslTcrcnt types of ddfclen- 
dcs and depend on die nature of die protdnprodoct and whe ther die 

deficiency arises from lotd absence of the protehi or fitom exprcs- 
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ntmn An mnitna! model for ex Hfo retnrints gene 

trmrfer cfHu law density lipoprolein (LDL) receptor. 

Xhc WtUfube bcdubte hypcriipldcfnic (WlfllL) mXAAi Is 
tn kScil animal model of Che iohcdted deHclency la (he 
LDL ftccptor. Ucklng (be LDL recepcor aormclly 
expressed la hepttocytes, these animals rapidly develop 
ndicioickfosis. The feastb«i(y of cc Wrg rctrovtnts ccne 
transfer b demonstrated by Ihis model. A partial bepalec- 
lomy is perfbrmod, icmovlns up U\ cmc-lhird of Che liver. 
The fcsecied portion of die liver b perfused ex Hvo with 
enzymes 10 disperse Ihe hepatocytcs, which are then placed 
In tissue cutture and exposed lo rccomblnaot retrovirus 
csprvssini the LDL receptor. Hepatocytes oontalriing the 
ctaUy lacerated viral DNA are h^ected throuch the porul 
«cin bade into the liver where they uke up residence. This 
procedure now htt been eonducced in human patlenu with 
Che nme disorder. 

sion of a dysfunctional (muUCed) protein. The clinical trial cited 
rf>ove(OrossmanrraJL, 1994) provides Che first example of sosulned 
metaboHc conectlon of a genetic defect The cc Wvo gene transfer 

snwwh Gkdy wiO be replaoed by In Hyo gene transfer strategies 
hi Ac future, once proWcrw of vector cmcacy. persistence, and Inv 

Monogemct^ are overcome. 



^ The two most common Inherited lupg diseases arc 

familial emphysema and cystic flbrosis. Oenc therapy 
stmtcgict have been directed toward (he amelioratioo of 
both these diseases. 

thmlOat Emphfsema. Familial emphysema Is a conse* 
i|iiecice of a defect In the gene encoding the principal en- 
dogcaoos antiprotease, ai^tttrypsin. This deficiency len* 
den the longs vulncrBbFe lo Injury by neutrophil proteases 
fdeased u dtes of Infhunmatkm. The ai-antltrypsln protein 
b available dintcally and is given to patienU with the dis- 
ease. The htmun «ene has been cloned and delivered elTcc- 

livdy lo the lungs of experimental animals (Canonico et aL, 
1994). Initial studies In human beings widi ai-antiuypsin 
deficiency have been approved by the N I H {see Table 5- 1 ) . 
Ostfc Flbr^sb. Cystic fibrosis k flte most common In- 
herited dtsofder in the Caucasian population, and because 
nK»st of itt mocbidtty and mortality stems from pulmonary 



manifesUtions, it Is an Ideal model for gene therapy of In- 
herited lung disease, fir vivo gene transfer strategies are 
not a viable option In tfic lung. Removal and reimplanta- 
tion f airway cells Is not technically feasible for therapy. 
Because tiie target cells in tfiealrwiy turn ver very slowly, 
letroviral gene transfer, which retpilres cell division, is very 
inefncient In contrast, adetioviral vectors iaie uniquely 
suited for tills application, as adenovirus has a known tro- 
plsm for respiratory epitiieliunu A major potential draw- 
back to the use of adenovlnis Is the transient nature of gene 
expression and uncertainly as to whether an adenovirus- 
Induced Inflammatofy response will allow readmlnlsUatlon 
of the vector. Additionally, airway neutrophils and secre- 
tions nmy decrease transfection efficiency. Nonetheless, a 
major efibrt has been launched to develop adenoviral vec- 
tors suitable for transducing airway epithella In vivo. 

Human studies have been conducted In which adenovirus en- 
coding (he cystic fibrosis transport regulator (CFTR) was adminis- 
tered tnco dieliiasat cptdKlium of paclentt wich cystie nbrosls (Zab- 
ncrrrol. 1993^ Wich rehKlvcty low doses of virus, normalization of 
chkiride conductance was observed. The nujor current disndvanuge 
of adetMvlrus as a vector has been (he host response 10 vhally en- 
coded proteins. An Innammatpry rc^iome to adenovlndty transduced 
cdls has been observed in a vaii^ of animd models and In paticnu, 
because the vector contains most of die wfld^ype viral genor^ 
though (he vtrus has been rendered repUcatioa-hiqompetent by dele- 
tidn of a subset of viral genes. It sdU directt the virally tnmsduced^ 
cen lo tyndiesize immuoogenie viral protdns. Hewer verdons of the 
fecbriiblnaat iKlenoviral vector liiay iovcroome (his Umttatioo by at- 
tenuating the exprettlon of adeoovtral prbtdns. Bngdhardt and col- 
leagues (1994) h«ve shown (hat dceracions of the ader^ovinl genome 
in addition to El and £3 deletions can decrease the hiflaimnatory re- 
sponse Ibliowfaig gene transfer; ^JSK^BSjoSife^ 
(tt 125) diat preferentUlly grows at 3r C> krtrodiKcd into die vi- 
raTgoiomrMlh^ when the virus Is used ib Inf^xt cctts at 39* C, 
d£ mutant £2 protdn to less effective to tr^^ 
•3bnovlral genes diat prcsum^y^ ra|>pnslWc for lodudng d»e 

hilUinit^M6ry respor^ the vin»can be propag«|^ 

lnTe^Itsl^^l< t293 celU) at'3r C In viiio. aid (hen usecTlo 
tSSdike cdU 6t W»o at 3r C Wlowing in 1^ trai^^ 
Vln^'^^^ion^cctive (El deleted) and lea eOkleat In die 
^^ittts of adeaovirus proteins at die elevated body tempcritoie. 
Tills lesuhs In lea kinammatioa and prolonged transgeae expres- 
sion. Rmher hnprovemeot to die design of adenoviral vectors bun- 
der developtnent. bdoding mutations diat v^n remove an or part of 
the E4 region. ^ , 

At present, die number of patienU treated to all cystic fdirosls 
gene dierapy (rials Is too small 10 dnfw any meaningful eondttslons 
as to eflfcacy. However, die principles of airway delivery of genetic 
inaterid are now wen esubllshed. Biture generations of genetic DNA 
transfer systems, induding die adenoHttSodaced virus and liposome 

systems discussed eariier. lilcely vriU offer meaningful benefcu not 
only for cyttie fibrosis but also for a variety of htng disorders. 



Vasculature. The blood vascular system has been tiie tar- 
get of several gene transfer experiments that have demon- 



SECTION I GENERAL rtUNaPLES 



Elbe Ihcrtpcutk poCenUal of gene delivcfy Into this 
Both the cndotbcUal cclk that line the blood ves- 
d the smooth muscle cells beneath the endoCheltum 
\ft attracted much attention because f their role In ath- 
Klerosis and the prospect that they might be used to 
■cr transgene products Into the bloodstream. Genetic 
eratlons of tliese cells might be useful to alter or pre* 

«the process of atherosclerosis, or to deliver vasodilat- 
gents locally or, alternatively, to provide local deliv- 
f anticoagulants. 

E Strategics; Initial expcHmenU focused on tjc Hvo gene 
roetfiodt. Wilson <r cL (1989) deroonstcited chat canine en* 
[ ceCb ooold be genetically modified 6i W/m by rctroviril 
e im^er and then CrampUntcd back Into Che dog u a Dacnm* 

Star IrapUnt seeded with the modified cndodielial cells demon- 
f craosgene cxprcssloa fx over 5 weeks. In another Uvdy^ cul- 
cndotbeGai celts fcom a Yucatan mtnipig were transduced in 
9 with replication-defective letrovhus prior to reintroductlon Into 
^ay by nneans of a special double-balloon catheter. By ocdud- 
Hood flow lo a denuded aegroent of the artery, the cadicter pro* 
V a leraporary. protected space wfsere the modified endochelial 
I could ceattach to Ibe veaad wall (Nabd cf of^ 1989). 

t Strategics* In Hvo gene delivery obviates the oeed for 
ic celts aod will be required for therapeutic appftcations such 
bo Ifcato i ca t of atherosderoals. in w(vo gene transfer has been 
using the double4>allooa catheter approach with liistUtatlon 
I DKA delivery system Into the protected apace of the tempo- 
PKclodcd vessel Retroviruses, liposomes, and adenoviral vec- 
all have been used lo target a specific site within a large vessel 
j&tfds approach. 

m oseU r os U, A variety of (cnes have been expressed bj In W)*d 
Bnttsfcr for the potpoae oT developlag useful clUiical appllca- 
a as well as for devdoping models of pathosealc ntechahlsms. 
eular ceO proGferatloo and cxtracellalar matrix protein deposition 
MyclalM with adkroicierotic narrowing of arteries. Factors thrt 
Hilall|y contribute lo tfils process can be stu<fled by overcxprcss* 
mdt genes la arterial segments. For example, when acidic fi- 
btast growth fnctor (POP-l) b ectopicatly expressed hi porcine 
Ks, the vessel waU beooom tfildccaed (Indiod bypcsplasia) as 
» of smooth muscle eeU proliferation (Habel«f«l. 1993c). in 
TOoo, new Wood vessels form widiln the anctlal wall asarcsuH 
sadothdial cell mIgratkNi and growth, la co trtr ast, when TOF-pl 
■msed cctopfcally la the veoel, extraccOular matrix synthesis 
■aImsl«kiDeohigicsuh(^^ 1993a). Ptatekt-derived 
Wi factor B also has been shown lo loduoe bdmal hypetptasla 
iowfaig In vivo gene transfer (Hcbel H dL, 1993b). Ihese expert- 
Hilly induced changes In the vessel wall mimie the changes found 
■wa oa ckf otfe lesions. Oene ttanafer thus provides a useful loot 
K^y the cflects of ageoU that BMy be part of a complex disease 



Mmmmn€ Krt ruffrfr ■ In an attempt lo model another arterial dia- 
■ antolmniune vasculitis, a foreign hbtooompaliblUty gene was 
lered lo vessel walls by Kposoroe-mediated gene transfer, result- 
; b a focal Invmme response at the site of gene transfer that hls- 
^icatly rcscnMes lUcayasu arteritis (Nabet cf oIL, 1992). These 
Bfinirnfi demonstrate that models t»f human disease can be de- 
fied by iatrodocing spedtic molecular changes In die blood ves- 



scL These models of arterial disease migr be ttsefut in evaluating 
ageaU that can liiocic these processes and alter the prostession of the 
disease. 

Ptntntion ^(fRtsUnasis* In addition to utiderstandlag the process 
by wftlch vascular diseases develop, gene transfa lechnkiues have 
been d e v el oped lo treat these diseases. For example, athero scl erotic 
coronary arteries often can be treated by balloon ansloplasty. The 
narrowed aegment of the atherosclerotic vessel la meriunkally di- 
Uted by die hisertlon and inflation of a ballooo catheter. Although It 
provides Ioog4erm lienefiu for many patients, this procedure hu a 
high rate t>f vessel dosorc (restenosis) whhin weeks after the tlila* 
lion. Restenosis occurs. In part u a result of smooth muscle hyper- 
plaria. Introductioo of an adenoviral vector encoding tfiymidine ki- 
nase followed by systemic administration of ganciclovir blocked 
arterial hyperplasia In an animal model t>f restenosis (Ohno cf oL . 
1994). 



Cancer Gene llierapy 

Cancer gene tberaples have employed, several stfatcgies 
that rely on unique molecular targcU found in cancer cells. 
Activated oncogenes or muUted tumor suppressor genes 
are common features of human malignancies. For Instance, 
muUtions In the Kirstcn-rns oncogene, which occur com- 
monly in adenocarcinomas of the lung, are associated with 
tobacco consumption and may contribute to ttunor pro- 
gression. Mutations In tumor suppressor genes also occur 
frequently in human cancen. The retinoblastoma pS3 gene, 
which encodes the nuclear proteliTpSa that regulates cell 
growth, is the most frequently altered gene In cancer; de- 
fecU In the function of this suppressor gene and its gene 
product contribute to unregulated cellular proliferation. 

Molecular processes that regulate cell growth, al- 
though fundamental to tumor progresstont are In general 
diOicuIt to target with current gene transfer methods for 
several reasons. Particular oncogenes,-such as Kirsten-rai, 
are commonly but not uniformly present In all tumors, even 
of a given histological type. More important, kiterruption 
of a specUk oncogene's function or lestoratlon of tumor 
suppressor gerte function would have to be tlone In every 
malignant cell, since untreated cells would readily divide. 
Because most cancm exert their morbidity and mortality 
tfirough metastatic spread, one Is faced with not only tar- 
geting every cancer cell but also targeting cancer cells hi 
widespread anatomical locations (bone, liver, lung, brain, 
ere). Furthermore, many lesions are microscopic metasta- 
tic tkpostts, undetectable by current diagnostic Ima^g 
nnethods. TUs niakes it diflicult to assctt the efficacy of a 
new gene transfer method because. In the course of the 
long follow-up required. It may be unclear whether failure 
of tlie treatment resulted from biefltdent gene transfer or 
from any of the many other events that could contribute to 
Ineffectiveness of cancer therapy. 
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Many loinort tcqulfe a series of geneUc defects •$ 
Ihey progiess. In tddillon. some luroois arise u • coose- 
midKe of mutations that result In a gain of function, not loss 
of fuocUon. and thus require ablation of the new activity. 
fot e«aniple. chronic myetoeeoous leukemia occurs as the 
result f expression of a new chimeric gene rroduct. 

Because cunent gene transfer techniques are unable 
to achieve a satisfactorily high level of transfer efficiency 
In an to Ww setting, alternative strategies that do not re- 
quire 100% efTiclency of gene transfer have been sought. 
TWO general appcoadies have evolved tlwt may be elTec- 
tive when only a minority of the tumor cells are transduced: 
(I) cell-targeted suicide, achieved by directing the synthe- 
sis of a toxic metabolite that can permeate the tumor mi- 
croenvironment. and (2) engineering an immune response 
I the tumor cells by ectopic cytolilne expression or other 
means for Immune recognition or activation. 

CeO-Urgeted Suiddc Conversion of a prodrug to a 
I xie metabolite by genetically engineering the tumor cell 
b an attractive way to create an "artlficlar difTerence be- 
tween normal and neoplastic tissue. This can be achieved 
by the expression of a gene that confers a dominant, neg- 
atively seleeuble phenotype to the cancer cell, such as cell 
death Imparted by expression of a drug-roetaboliiing en- 
zyme. A variety of enzymes are capable of performing such 
. ruoction. and typically kill cells by «ctlvatioo of a rela- 
tively nontoxic prodnig to a cytotoxic form Cnible 5-2). 
Greater selectivity In killing malignant cells will be ob- 
tained If the transferred gene Is not normally found in hu- 
man beings (fcg. HSV-«hymldine kinase), rather Uian by 
overexpressing an endogenous gene {eg., deoxycytldine 

lasertlon of the HSV-thymldloe kinase (HSV-TK) 
gene Into malignant cells in coiUonctlon with the systemic 
•dintaistration of ganciclovir has become a prototyplc gene 
therapy system that uses the enryme-pcodrug appro**. 
Many Investigators have shown that the expression of the 
HSV-TK gene confers • negative seleeuble phenotype to 
cancer cells both In Wfio and In vivo. 

Moohe«(l986)de««a«ed«qul«^^ 
a mcon» cdt Bnc u»«U . . C€d wtd. a ''*«^'^!^ 
nodocc* HSV-TK. The tnnMiacctf laicwna tumor eetis were WO «o 
wSoitae. more aeashhe lo fiOM '^'^'^^TZ^. 

Zmtmd>cn^!Ac>^ CNS 

dncaey cf Hi!* app«aeh vartet algnineamly and •««yb« • 

•^•^tiissrsu, of «« i^^^'-^r^:^ 

doe » icvaal faclow. In divWtag cell*, the fhatriwtyUi^ g««»- 



dovlf tahlWtt DNA lynOiesU. TWi effert b act cooTmed Ip eelli thai 
an dtitctly wmAieed whh IISV-TK. as ndghboriag oelb are alto 
•irecled. TWt |*eno«ei»o. wtdeh lilely oeews ai a of lev- 
ml tMOanUmt, hai been termed ihe 1»y«tanfler effeef and has 
been otoeived In leveral tumor type*. InelodJnj CNS luroon (Frte- 
umneiaL. l99)).TBn»fcrofUieplK>sphory1atodfanddo^ 
cdU Oneiotiollc cooperation'^ vU gap JonetioM hM Ixen piopoted 
■s a poalble nwchanUm. HMtoeytotb by aelshbortnj ccHi of gut- 
efc|<r»ir pl»*|*rte-<onl»lnlng apoptotk mlcki (from dying mat- 
duced eelli) abo hts been prapoted. ^mnlone^nedl•ted praccttes 
abo may aceoonc for tlgnlficam killing of no«4fansdoeed cells. In 
one ftiwrt. amUomor Immunity w« observed following TK^nedl- 
ated killing of experimenlal bnin tumors. Whether die tumor Im- 
munity b TK dependent, or merely a •"•"•^^1'^!.*? ^iT^t 
mor cM Immunogenlclly. hu yet lo be established In thb lodent 

model (Baibacr at. 1994). 

More iwenUy. adenovlms *ecto»» have been iMcd for gene tran^^ 

rer of HSV-TK. Chen «r «t (1994a) demonstrated regression of ex- 
perimental gliomas following (n adeooriniMnedUted gene 
innsfer and gancfcloWrtteaimettLTI* tumor d«jpoiltt were wKcom^ 
pbuty eliminated by U.b treatment. however. -nimor cdlsdoie to 
!he li**«o« «He were ««« «««l«ced«ha« woe d««e da- 
unt, as lodged by p«allel maiker gene ^^ff^^^"^ 
SSnoiiuU ^JiTdblaBC cells e«:aped ganddovb toikhy be- 
SS^. dimlnbhed by«»»«to enecl attributed to^ 
fanctions fa. d»e lodeni brain tumor cell line employed. JWs Hmlu- 
ite«w.en«blly can be overcome In d»e dlnleal setting by "«« P«*- 
S JSSSte^tment pbnnlng (aided by MRI and PET «udle,) 
and by multiple tumor IqiecUons. 

Other appioaches have focused on Introducing genes that 
silmuUte an Immune response to the tumor. Although some 
have argued that tumor growth occurs as • result of Im- 

TUMc 5-2 _ 
Enzyme-Prodnig ComblnaUons for Cancer Gene 

Therapy - 



oeNB 



ntooatKJ 



HSV thymidine kinase 
(HSV-TK) 

VSV thymidine kinase 
Deoxycytidine kinase 



Cytoslne deaminase 
Nucleoside phosphorylase* 



Ganciclovir 
Acyclovir 

Ara-M 

Ara-C 
Rttdarabine 

2rChlorodeoxyadenoslne 
bifluorodeoxyqrtldine 

S-Fluorocytldlne 

MeP-dR 



•Nucleoside phos*o.yl««bencod«d by ihefieottOr**!***. 
tag sapieneemtd In tWstfwapeutle strategy. 

Jf«r HSV.hefpes sinvlet vinir. VSV. veslcutar 

cytotlne afaWnorfde occylafaMnr. Afa-M. d^neihosypuHne anW- 
moMe; Mel»-4R. 6H«eil«y1pwl«*-l'-*««y*«*«**- 
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ttiiestimultdon,(Iietc is little direct evidence C support 
■hjrpocbesis In most bunun tumors. Rather, there is « 
body or evidence that suggests that tumor cells 
fiess unique d^ermlnants that are capable of being lec- 

Cby the immune system. 
. Cji kinc Expressions. A variety of cytolcincs 
ve been shown to decrease tumor growth when ectopl- 

t expressed on tumor cells or in their microenviron- 
(Tepper and Mule, 1994). Tbmor cells engineered to 
:rete certain cytoMnes have been observed to be less 
t form tumors when implanted in syngeneic hosts. 
Beas their In vUro growth Is unaffected, suggesting 
fliost factors are induced in response to the cytolcines 
t decrease tumorigenicity. Some Immunostimulatory 
■ts do opt alter the growth rate of the tumor initially, 
■cad t immunity against tumor growth If the animal 
later challenged with wild-type tumor cells. It is ap- 

Ct diat genetically engineered tumor cells elicit a 
y f host immune responses depending on the Im* 
nomodulatory agent employed. For example, hiter- 

11-4 iXLrA) secretion by a tumor cell elicits a potent 
inflammatory response without any eflect on distant 
' cells or tumor cells administered at later times. In 
trast, gnuiulocyte-macropbage colony stimulating fac* 
jKtM-CSF) has little effect on the tumorigenicity, but 

1993)* 

naiiy Instinces, multiple inimune effects are initiated 

Imon expressing immunomodulatory agents. This is 
a tumors secreting interieuldn*2, where tite tutnor be- 
klnfiluated with T lymphocytes, activated macro- 
ges, oaturtl killer cells, neutrophils, and eosinophils. 
Wooany, a cytoUoe may have different effects in dif* 
P tumor types. Fx example, Inteilj^tskinHS can Iiaye 
dLutiprolifcnUive effects, tectuit natural klUer cells, 
as an autocrine growth factor, depending on the 
^ iiUDor Jo^^ In many circumstances. It Is 
^ L!^^5?*^°S^ the effects that are Induced by the 

r$ effector cdls. This has led to a rather eoipir^ 
to cytokioe-bascd cancer gene therapy. The cyto- 
% lnterleukIn-1, -2, -4, -6, -7, and -12, tumor nccrosU 
ir-a CTNF-a), Interferon gamma, O-CSF, GM-CSF. 
Brmphocyte co-stimulatory molecules, all have been 
ivito_loduce bnmune destruction of tumor cells In 
iel systenu. Of these, lnterieuUn-2, lnterleukln-4, 
■oi Interferon gamma, and OM-CSFbave been entered 
■finical trials using tumor cells genetically engineered 
ecrete the cytoUne Ofepper and Mule, 1994; see also 
52). 
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^Immune Enhancement Other approaches aimed at In- 
creasbig the immune response to cancer cells have been de- 
veloped. One such approach is t express highly Immuno- 
genic molecules on the surface of cancer cells, such as 
expression f allotypic MHCanUgens. Alternatively, rather 
than express an exogenous •Vejcctlon** antigen, tumor cells 
may be modified so that the endogenous weakly immuno- 
genic tumor*«ssocIated antigens ore better recognized. It Itas 
been long known that additional "co-stimulatory** pathways 
distinct from the Tceli receptor ire needed to achieve T- 
cell, activation {see Chapter 52). The molecules BT-l and 
€%i stimulate one such pathway. The B7's, whose ex- 
pression normally is limited to antigen-presenting cells and 
other specialized Immune effector cells, engage specific 
receptors (CD-28 and CTLA- 4) on the T-cell surface in 
concert with antigen binding to the T-cell receptor. Sub- 
sequently, T-cell activation, cell proliferation, and cy- 
tokine production ensue, and can lead to the elaboration 
of antitumor immunity. The absence of a costlmuUtory 
signal at the time of T-cell receptor engagement Is not a 
neutral event; rather, it results in the development of tu- 
mor-specific anergy, not mere failure to activate the T cell 
{see Chapter 52). Thus, the simple presence of antlgeiu 
in tumor cells would be expected to produce an immune- 
tolerant sute rather than an Immune-responsive sute if 
costimulatory events do not take place. In effect, this Is 
what is seen In most clinical situations where human tu- 
mors grow apparently unimpeded by host Immune mech- 
anisms. When some tumor cells are provided with co- 
stimulatory molecules, effective T<ell activation takes 
place. This has been demonstrated by ectopic expression 
ofB7 on tumor cells, which then are used to stimulate an 
immune response to the parental tumor cell line. 

ScvcrtI Invcsti^ort htve cmpk>3red thi< expedmefiUl tpprottdi 
lo deiDoasuate Chat tuinort endowed wlih,B7 co-«tiaMilatkm ablU^ 
are able lo actlvale Che boct Immuae cystoa lo r ecoga la e and eradi- 
cate tumor odis. Chen tff dl (1994b) ooo^mted B7 and Ibe imiaa 
papinoma vim £7 f^ecdoa antlgca In IC1735 morlae mdanoma 
cells. When Iqiected Into sjfiifeaelejnke, Ibcse ce^ 
doccdaB7-d c pciid crt lmreimeigsponte,idikfaffeittltcdlBttt»orie- 
gretskm. la cootrait, B7 -f tumor eeOs did not bdoce an andto- 
H>orrcspoD»e. r < i t fa er m ore , cooepriaiedbyET4B74cdls,mkiewcie 
capaUecfrijectlagsiAcetiiientlx fa^ 

cm, these 0^ were not able to it^ the patttttd tomort^ wlikl^ 
were £7*. Ihlt study also revealed that imnittae rtjectkm retptlrod 
the pccscnce of CD8<f but not €044- T ceOs. 

A slinlltf ttodx 1^ U cr «1 (1994) togtcited tfie cootriba^ 
of both CD84- and CD44- edit hi tntnor ImnHmitr. A K1735 ced 
line cxpresshig both MHC diss I and II molecaks was transfeded 
lo cxprett both B7*l and p97 anUtea. The (197 amlfeo b known lo 
be very hnmooofeak and lo ttlmdate the pcodocdon of CD44- 
doocs spedfic for this antl|ea. B7 cxprestkm, when ooetpressed 
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widi {OT, soppoftcd Che expansloo of iKMh Che CI^ 
tyR^bocytes indCW+ lyinphocytcs. Furthennoce, wfak<^^ 
cdU wot the rootc ImpoctanC cffeccor cclU. bo(h cell Cypcs were 
Mcetttfy CO elimlfute esttblished camor nodules. Oioicftl expcri' 
CMC cktfC/ dcoooscrates thtt che mere pccseooe of Cumor-ASfod- 
Med amifcnt docs ooc bdoce an Imcnone respoose^Tbe tmplicadoa 
of these (todies h that the InefrecUvccieu of tumor antigens may 
be ovcfcome by expcculng B7 on the tumor cells. In these and 
other cjtperirocnts. the pcesencc of MHC class 11 molecules on the 
tamor cell surface. In additioo Co class I molecules, contributes to 
(he overall Immune response, and In paiilcular che CD4+ compo- 
aeot of the icspoose. Because most human tumors do not exprcu 
class II molecules, an efTectlve CD4+ Tcell lesponsc may require 
•ddittonat faitcrventlon t>cyood B7 expression. Conscqocmly, pro^ 
vldrnf cytokine stInmUtion chaC can provide dOs elTccC may be of 
aacriL 

The for^tdnt eaperlmentt were performed with what Is now 
loowo as B7-I. Additional experimenU have shown that other mol- 
€C«les (B7-2, and perhaps odws) are able CO Mod Che same Tcell re- 
ceptors as B7-I iCO-U and COA-I) and accivate Tcell co-sCimu- 
iMy pathways. The dinaentlal role of these similar ligands b only 
beginnlnc lo be explored. The Cemporal course and relative level of 
dtekcxpmslon are deaHy dlOerent. as b ihdr ahinty Co be differ- 
calblty RSttlated by Che same stimuli. A similar level of compCexliy 
Is eroerf bf for che B7 receptors CnLA-4 and CD-28. Althouth die 
dUTcrortUI role of these molecules as they relate Co the normal fonc- 
tbo of the Immune system b bcflonlng Co be understood, which of 
die B7*s will provide the roosc effecthw route Co antitumor Immunity 
b uaknowa (sc« Chapter 52 for a review of cdtular mechanisms of 
Icamnoe cnhanccmeot and supprcsskm). 

T-cdl aciivation. although crWcally dependent on TCR and CO- 
samab6obpadiways,aboinay be supported by additional functions 
•ormaUy provided by Che andgen-presenting celt loterCeutao-U 
fl|y^l2) b secreted by antlgeniiresenUng celb and functions by bind- 
bg CO spedAc receptors on T celb and natural kllbr cells. IUI2 In- 
duces die produccioo of Interferon gamma and enhances the produc- 
tion of a cytotoxic T-lymphocyte response. In one murine cumor 
Mdd, IL-12, when produced la the mkrocovironmcnl of a devel- 
oping tmaor nodub; dcbyed devetopmeat of detectable Cumor nod- 

«ks (Obao €t dL, 1994). 11^13 bi thb modd did ooC bad Co proCec- 
dre anrftumor Immwdty. ta:. tumor dcvdopmcnc was deUyed, but 

MC endrely prevented. Intcresdngly, che B 1 6-derivcd BL^ melanoma 
cett fine b poorCy Immonogenfc yet was abb CO provoke T-cctt »ctl- 
ntfoa whea suppocsed by Chb CKOgenout cycdctoc. Odier lm<^ 
•ore have reported thai BI6 comor ccU nnes are aoc readeied capa- 

bb of bdudng an bmauoe response when ctaasduced lo express 
B7-I.Tbc fact chat IH2 can todttce Immone responsiveoess 10 a Cu- 
■nr wbea B7*l could not suggests chat these bmmmomodulatory 
mobcubs may provide dtCfereat funcdoos. Recently, b has been 
rfawn *ai B7.| and 11^12 am act In synergy CO Induce T<dl 
Ebtadoa and cytokine (loterferoo gamma and TNF-a) production 

(see Chtpter S2)i 

Not an of Ac dbscades CO geaeCbaHy engineered cumor vacdnes 

ktve been limy idendficd. Incmame lobrmnce of cumor celb may arUe 

by many mcchsnbras, induing tumor cdl accrctk w of bfWM «><>- 
wppresrfve ageott (e^^ TpF-p). and other meam CO overcotoe Cd- 

crancc win need CO be devbed Noacthcbss, che ectopb expre^ 
of genes ta cancer ccns b a very nexibte and powerfd cod chat OW^ 
wOl Improve upon the correoc chcrapeutb approach of systcmlcally 
tdndnbterfd aodneoplastb agentt (f«tf Chapter SI). 



/bene IVansrcr into Hematopoietic 
Stem Cells 

Oeoc Cransrer inC bone mairow sCcm celb has been pro- 
posed for a variccy of biherited aisd acqubcd dbordcrs. 
These include inherited defeccs in cells produced by che 
bone marrow (€.g., sickle cell disease, Chalassemias, 
chronic granulonutous disease, and several lymphocyte 
disorders), as well as acquired illnesses in which marrow- 
derived cells are secondarily involved (e.g^ acquired im- 
munodeficiency syndrome (AIDSl and chemocherapy- 
induced myelosuppression). The long-term rcpopulating 
potential of che bone monow stem cell also makes it a po- 
tentially useful agent for the production and delivery of 
proteins normally produced by nonhematopoictic cells 
(e.^.. coagulation proteins): The development of bone mar- 
row transplantation has provided substantial precedence 
for this approach. The growing number of diseases that can 
be treated effectively by bone marrow traiisplantation 
demonstrates the ilierapeuttc efTicacy of providing a -cor- 
rected** marrow. For example, severe /3-thalassemia (an In- 
herited defect In hemoglobin biosynthesis) can be cured 
by transplantation of bone marrow from a normal donor. 
The gene therapy equivalent would be to correct the pa- 
tients* own marrow rather than substitute a •Toreign- nor- 
mal manow. Because bone marrow can be removed easily 
and reimplanted. It provides an Ideal setting for ex vivo 
gene therapy strategies. The ultimate goal Is to be able to 
transfer genes Into hematopoietic stem cells and allow 
these cells to reconstitute the bone marrow with the selec- 
tive expression of the transferred gene In a spedflc 
hematopoietic cell lineage. 

Immunodendency DIsordecs. Gene therapy offera po- 
tential treatmenu for a variety of Immunodeficiency dis- 
orders. As noted cariicr, the first disorder to be treated by 
gene therapy was a form of severe combined Inununode- 
ficiency (Sab) caused by the deficiency of the enzyme 
adenosine deaminase (ADA). In children with thU disor- 
der, the absence of ADA leads to an accumulation of de- 
oxyadenosine triphosphate, which Is toxic to lymphocytes; 
patients develop recurrent life-threatening Infections due 
to defective cell-roediatcd and hurrioral Immune responses.^ 
Current standard therapy Includes bone marrow transplan- 
Ution from an HLA-matched sibling. Although less efTec- 
tlve, intravenous replacement of ADA Is used hi patients 
who lack a suiuble manow donor. While the first clinical 
trial of gene therapy for ADA deficiency resulted in clin- 
ical Improvement, it has not provided a permanent cure. 
The first patients were treated by repeated gene transfer 
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H peripheral blood lymphocytes that had been isolated 
■pbeiesls. A preferable approach would be to insert the 
^ gene bto pluripotent hematopoietic stem cells that 
uld reconstitute the immune system with a complete 
liloire of Immune oells. Such approaches are under de- 
■pmenL It has been dem nstrated recently that long- 
m correction of ADA defidency can be achieved (albeit 
imw levels) In a rhesus monkey model (Van Beusechem 
1992; Bodine ei ai. 1993). 
Leukocyte adhesion deficiency (LAO) is another in- 
rited disorder that results from defective leukocyte func- 
■ Patients with this disorder lack cell surface glyco- 
lUns that mediate cell-cell interactions necessary for 
mune function. Krauss et aL (IS^I) have developed a 
■virus-mediated gene tlierapy strategy for the treatment 
Mese disorders. 

Comal Storage Diseases. Lysosomal storage dis- 
result from the lysosomal accumulation of cellular 
ial that cannot be degraded, or degraded material that 
mot be further processed; Over fifty sucli disorders are 
■m In human beings and animals. In these disorders, 
Bbsence f a particular lysosomal enzyme involved in 
ixcakdown of glycolipids and sphingolipids leads to an 

Eltt lytosome size and number, and secondary de* 
St f cellular function. The recessively inherited 
disease is typical of the storage diseases in many 
lediiL Qlucosykeramide, a lipid, accumulates in 
Bopbages f affected individuals due to a deHciency of 
Upccrebrosidase. This results in enlargement of tlie liver 
1 qrfeeo, destructive tx>ne lesions, and variable central 

Et system dysfunction. Several genetic defects are 
and there b significant variation in the phenotypic 
ince f the disease within a given genotype {see 
utMeicL. 1991). 

Unie c ttwr v a tioo that colUired nbcx)(>l«sts from aa alFected iodi* 
Kill covid be Icross-eonedcd** by cocultufc with normal cdts Ihtt 
rde the enzyme led lo Che d e v d opm cn t of icptacement therapy. 

taC rani K W admlalstntloa of the deficient enzyme b not 
Bf effective b ptUeots, icptacemeot Cherapy hat demoosualed 
TOii y B iP"deficfaotcelb ate at>le to take up CKoaenously produced 
ynae. Ahcniativdy, transptantattoa of aa ahected patie^ 
^teoe luaiiuw cells can offer clinical Improvement b some cases 
Jnrrntr! storage diteaie. Ihc transplantod hematopoietic cells 
Vue lo deliver aonnal enzyme lo alTected tissoea. Celts capable 
miUaaiheaomial enzyme can bafisfcr Che aecrefed enzyme lo a 
J|kflt ceil by a reoeptor-mediated eodoeytosls pathway or vb di- 
BoatacC-fnediated transfer. This capacity for cell-Kxell transfer 
VPaocomal cuiyuits vb receptor-mediated endocjrtosis has l)een , 
oonstrated b a atmibcr of animal models. Including a ntttrine 

fof ^-gbcuronldase defidency (Bou-Oharios tf 1993) and 
t model of tf-maooosldosis (Walkky <f oL, 1994). Although 



bone mamyw transplant nuy be Iherapeotlcally osefol b tome dr* 
cumstanccs, Hs vtlUty U diminished by the tvallabUKy of soluble 
manow donors and the Imntttoo sup pte ss We risks assocbted with 
transplanting allogeneic boot marrow. Gene transfer methods that 
may OY cr com e these shortcomings are t>cing developed. By engi- 
neering the patkot*s marnm lo express die desired enqrme, the pa- 
tient's own leukocytes could deliver normal enzyme. In one proposed 
treatment strategy, bone marrow ivoutd be harvested from the patient 
and the 'terrectcd*' gene Inserted b In Hiro culture. Relnfusloo of 
the manipulated marrow cells woukf lead to the long-lcnn replace- 
ment of the enzyme withotit the need for Immtmosuppresslvc agents. 
Several Investigators have effected rctrovlnts-mediated ger>e tFansfer 
Into mafTOw odls from animals and human beings and demonstrated 
that longHerm production of the desired enzyme Is achievable. 



Drug Resistance Genes In the TVeatmenI of Cancen 
The mechanbms by which cancer celb are able to survive 
the cytotoxic effects of chemotherapy are well described 
for a number of chemotherapeutic agents. These mecha- 
nisms include the expression of genes that are able to in* 
activate or eliminate the toxic drug {see CSiapter SI). At- 
tiiough these genes currently serve to limit the elTectlveness 
of many chemotherapy regimes, it b possible that they 
miglit l>e redeployed to have tite opposite effect, thai b, to 
protect normal tissues from the toxic effects of chemotber* 
apy. One gene in particular has received much attention in 
this regard, the multidrug resistance (MOR*l) gene en* 
coding the multidrug transpotler protein (also knowni as 
P-glycoprotein). This transmembrane protdn b capable of 
putnping a wide variety of chemotherapeuUc agents (e.g., 
adriamycin, vinca alkaloids, epfpodophyllotoxlns, and 
taxol) and otlier drugs out of cells, thus protecting them 
fronTlHe aigenU* toxic effects (Oottesman ef a/., 1994). 
Many cancers display a dose-dependent sensitivity to 
chemotherapy, wb^eby larger doses of cbemotherapy.lead 
to greater tumor regression and itnpcoved survival {see 
Chapter ^1). This is best illtutrated by testicular cancers, 
which are highly curable when treated aggressively. Un- 
fortunately, toxicity to normal tissues, especially the bone 
marrow, limits the use of larger doses of chemotherapy In 
many cancers, lb overcome this, autologotu bone marrow 
tifinsplantation has been employed to resctie the bone mar- 
row from the toxic effects of high^ose chemotherapy. In 
some cancers (e.^., breast cancer and testicular cancer), re- 
lapse after standard therapy can be treated by harvesting 
uninvolved normal bone marrow prior to high*dose 
chemotherapy. The stored autologous marrow Is then re- 
infused to resctie tlie patient from therapy-Induced marrow 
ablation. Such high-dose chemotherapy wllh autologous 
bone marrow transplantation is now standard therapy for 
relapsed testicular cancer Capitalizing on this concept, a 
gene therapy-based strategy has been proposed whmby 
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cbe MDR-I gene would be used to lender the bone mar- 
row resisttnt to the toxic effects of the chemotherapy 
(Oottcsmtn el a/^ 1994). 

Although gene transfer into marrow stem cells leads 
10 truisgene exptession In only a few peicent ofhemiitopoi- 
etic cells, successive cycles of chemotherapy can be used 
to enrich for transduced marrow cells. This approach may 
be applied to cancen that demonstrate a steep dose- 
response t chemotherapy and where myelosuppression is 
the dose-ltmiling toxicity. 



CeneTlterapy Tor Infectious Diseases. 

The failure of conventional antibiotics to treat many types 
of serious pathogenic agents effectively, most notably the 
human immunodenctency virus, and the availability or 
unique molecular targets in these pathogens have encour- 
aged the exploration of gene therapies for infectious dis- 



AIDS. Nabel ef al. (1994) and Malim e/ at. (1992) have 
used a dominant negative muuint protein In designing a 
gene transfer strategy for the treatment of AIDS. The rev 
procdn, produced by the human immunodeficiency virus, 
b a regulatory protein necessary for viral replication. It 
binds to a specific viral RNA motif (rev response element, 
RRRf and promotes the synthesis of new viral proteins. 
StodTtes in experimental models have shown that by intro- 
d^hg a mutant rrv gene, the HIV-infected cell produces 
aa altered rev protein. This protein, called Re^jyi lQ, is ca- 
pable of binding the same motif as the normal rev, but is 
niat functional in promoting the synthesis of new viral pro- 
tdns. C^onsequently, Rev MIO competitively Inhibiu the 
activity of the normal rev protein and ultimately attentu- 
ates HIV replication. 



vimmonhatton« By an entirely different approach, gene 
transfer can be employed to drive the synthesis of an 
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antibody with predetermined specificity. This would elimi- 
nate the need to rely on a variable or unpredictable im- 
mun response t a vaccine (particulariy In immune- 
compromised patienU) and could be used t direct the 
synthesis f the antibody to a specific site. Chen et at. 
(1994b) recently have described a single-chain antibody 
with specificity for the gp 1 20 HIV protein that can be de- 
livered by gene transfer. They have shown that human 
(HM-f T lymphocytes can be transduced to express this 
antibody intracellularly, and that cytopathic syncytium for- 
mation and HIV- 1 production were inhibited, although not 
eliminated. 



PROSPECTUS 

Human gene therapy, although still In the infant stages of 
development, oflera the possibility for major advances in 
the prevention and treatment of myriad diseases. C3ene ther- 
opy brings an entirely new paradigm for the treatitient of 
disordera stemming from missing or defective genes, 
whether tliey are inlterited or acquired. Furthermore, this 
technology likely also will evolve for the treatment of 
*'nongenetic** illnesses, where the tissue-specific synthesis 
of a protein can be used for therapeutic benefit The Iden- 
tification of new genes related to spedfic diseases will 
broaden the scope of applications. Currently, however, 
the clinical application of gene therapy is more Hrnlted by 
the availablily of suitable gene transfer methodology than 
by the identification of suitable targeu for genetic alter- 
ation. However, as increasing numbera of Investigaton 
address these Issues, better reagenu likely will emerge. 
Ftirthermore, a better understanding of the patho- 
physiological processes will permit the design of physio- 
logically apprbpriate Interventions. It is to be hoped that 
increased collaboration among physicians, molecular biol* 
ogisu, and cell biologists will result in the development 
of highly integrated approaches to this new form of ther- 
apy. 
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tBSTRACT Successful gene therapy requires not only 
ic identiEcation of an appropriate therapeutic gene for 
treatment of the disease, but also a delivery system by 

«^hich that gene can be delivered to the desired cell type 
oth fficiently and accurately. Reductions in accuracy 
rill inevitably also reduce efBciency since fewer particles 
will be available for delivery to the correct cells if many 

Ire sequestered into nontarget cells. In addition, the ther- 
py will have net benefit to the patient only if gene deliv- 
ry is sufficiently restricted such that normal cells arc left 
unaffect d by any detrimental affects of bystander cell 
■Iransduction. Here we review how currently available 
Belivery systems, both plasmid and viral, can be manipu- 
lated to improve their targeting to specific cell types. Cur- 
rently, targeting is achieved by engineering of the surface 

Iomponents of viruses and liposomes to achieve discrimi- 
Lation at the level of target cell recognitioii and/or by in- 
corporating transcriptional elements into plasmid or 
viral genomes such that the therapeutic gene is expressed 

Knly in certain target cell types. In addition, we discuss 
merging vectors and suggest how gene therapy delivery 
systems of the future will be composites of the best fea- 
tures of diverse vectors already in use. Millcii^.j JOl.c 

t * n^^a^B^^ll^l^P^ E^^^ therapy. 
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TkE IDENTIFICATION OF THE UNDERLYING gCncttC dcfcCtS has 

Recently made gene therapy an attractive treatment option 
Bbr a. wide variety of diseases. However, there is a cor- 
responding requirement to produce vector systems that can 
deliver therapeutic genes to the appropriate target cells 

Kithcr in vivo or ex viva These systems must be both effiaaU 
ind accurcU. The range of different diseases amenable to in- 
ervention by gene therapy means, however, that no single 
delivery system is likely to be universally appropriate. For in- 
Mptancc, the requirements of gene therapy for cystic fibrosis 
Kux gready different from those of cancer. In the former case, 
^Dnly a certain proportion of a localized population of cells 
needs to be targeted with a single corrective gene; by con- 

Erast, cancer gene therapy usually involves the targeting of all 
»f a difi'usely spread population of cells, with the ultimate 
aim of killing rather than correcting them. Hence, the strin- 
gency with \vhtch the therapeutic gene needs to be accurately 
■delivered can vary greatiy. Expression of a copy of the cystic 
Bfibrosis transporter gene in nontarget cells is likely to be 
much less toxic than inadvertant expression of cytotoxic 
genes, aimed at cancer cells, but expressed in normal bystander 

re, we review the progress in targeting gene delivery 
systems to specific target cell populations , and look forward 
to the areas of research that will bring developments for the 
^future. Unfortunately, improvements in the accuracy of a 



vector often compromise its efficiency, and vice versa. 
Nonetheless, it is clear that the technology now exists to in- 
corporate specific targeting features into most of the cur- 
rently available delivery systems. These may be at the level 
of target cell surface recognition, by manipulating the sur- 
face recognition components of viruses and liposomes;, or 2) 
target cell transcriptional restrictions, by incorporating tran- 
scriptional elements into plasmid or viral genomes such that 
the therapeutic gene is expressed only in certain t*arget cell types. 

The ultimate aim for the vectors of the future is to indude 
these and other targeting opportunities within the same vehi- 
cle. In all probability, this will involve the incorporation of 
the most beneficial features of a variety of viral and nonviral 
systems into a single hybrid vector specifically custom built 
for each individual therapeutic situation. 

TARGETING OF GENE THERAPY VECTORS AT THE 
LEVEL OF THE CELL SURFACE 

Retroviral vectors 

A primary determinant of retrovirus infectivity is the inter- 
^tion between specific receptors on the host cell surface and 
lycoprotcins (Env) on the lipid envelope of the retroviral 
particle. Ideally, targeted retroviral vectors for human gene 
therapy would use safe recombinant genomes and packaging 
lines from wild-type retroviruses that naturally display enve- 
lope proteins with the required tropisms. However, few 
naturally occurring retroviral infections are stricdy limited 
'to one cell type (1), and of the - known Acceptors for 
retroviruses, only the HIV-l/SI V receptor CD-4 (2) b of rela- 
tively restricted distribution. Attempts have been made to 
produce vectors and packaging lines from HIV (3). 
However, HIV is a complex retrovirus that requires a num- 
ber of self-encoded autorcgulatory proteins, and this compli- 
cates the construction of stable packaging lines. Neverthe- 
less, the principle of a recombinant HIV genome as a gene 
veaor for CD4* cells has been demonstrated (3). However, 
vectors carrying HlV-1 aw sequences would have to be used 
with extreme caution as the HIV-Env protein itself may be 
neurotoxic (4) or even immunosuppressive. 

Most recombinant retroviral vectors and packaging lines 
produced so far have been based on murine leukemia viruses 
(MLVs)* (5). There arc five recognized MLV groups (1) as 
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* Abbreviations: MLVs, murine leukemia viruses; MLV-E, 
ccotropic strain of MLV; MLV-A, amphotropic strain of MLV; 
RES. reticuloendothelial system; PEG, polyethylene glycol; ReSV, 
respiratory syncytial virus; ASOR, asialoorosomucoid; LCR«f lo* 
cus control regions; ETTA, diphtheria toxin A; MVM, mouse 
minute virus. 
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^ned by tropism, of which the most useful for gene deliv- 
ry purposes have been the ccotropic strain (MLV-E), which 
ifcdi virtually all rodent cells, and the amphotropic strain 

KLV-A), which infects practically all mammalian cells. 
Jcaging lines hav therefore been created to aUow produc* 
;on of retroviral vectors with host ranges that arc either 

i»tropic or amphotropic, respectively (5). It is likely that all 
roviral vectors suitable for human gene therapy in the 
ir future will be based on such recombinant MLV gc- 
lomes because they arc well characterized with regard to 
^cty and efficiency. For targeted retroviral vectors, then, the 
Kbiem is either to restrict the promiscuous tropism of am- 
Kotropic particles or to confer upon ccotropic particles a 
imited human cell affinity. This could be done either by: J) 
^ctic manipulation of the producer line such that ampho- 
■ ecotropic Env is replaced by a difTcrcnt viral or nonviral 
lutein having the required affinity; 2) directly engineering 
I particular affinity into Env; or 3) molecular conjugate ap- 

|>aches, in which ligands are coupled to the outside of the 
rovtral particle. 

Riptacemenl of Env: retroviral pseitdotypes 

tc facility (5) with which tmns- and or-acting functions can 
separated in MLV packaging lines allows easy cxpcrimen- 
al manipulation of the iTranx-acting function responsible for 

•llular tropism' namely, Env. This raises the possibility of 
placing one viral eno with that of another, thereby creating 
hybrid producer line that generates •'pscudotypcd" viral 
sectors with a tropism conferred by the replacement env (Fig. 

Phcnotypic mixing has been used for many years as a tool 
I study receptor interactions (see ref 1 for a review); 
l&vtfcvcr, efforts have recently been directed at precisely 
replacing ew) and producing not envelope mixtures but vec- 

Ir populations exclusively displaying a novel tropism (1, 6). 
ich hybrid formation in general seems to occur more 



efficiently between closely related viruses. For instance, a 
recombinant MoMLV genome can be rescued by C-iype 
viruses but not by HTLV-I or D-typc viruses (7). However, 
provision of homologous or more closely related Gag pro- 
teins in some cases relaxes phen lypic restrictions on 
efficient pseudotyping of vect r genomes with exogen us 
Env; for instance, an MoMLV vector can be packaged inside 
HtLv-K(8) envelopes when M MLV gag-pel are supplied in 
trans. Similarly, HIV has been given an extended host cell 
range by pseudotyping with the unrelated viruses HSV and 
VSV (9). Although these examples demonstrate the principle 
of creating an improved retroviral vector for human gene 
therapy by pseudotyping, so far they have produced only 
vectors with extended tropism rather than with restricted 
specificities. 

The logical and necessary extension of pseudotyping ap- 
proaches, then is to replace retroviral envelope genes with 
genes derived from nonviral sources. Although there are in- 
stances of nonviral glycoproteins being preferentially incor- 
porated into retroviral particles, such as Thy-1 (10) and Cp4 
(11), actual infection of target cells, as opposed to specific 
binding, via display of such nonviral proteins has not been 
demonstrated^ and is likely to require either fusogenic se- 
quences within the foreign protein itself or cocxpression of 
fusogenic molecules on the viral envelope. 

Engineering Env 

Genetic manipulations whereby sequences conferring 
specific binding affinities arc engineered into preexisting 
viral env genes represent a promising approach. In MoMLV 
the sequences that determine receptor specificity seem to be 
in the most distal of the two variable regions within the 
amino-terminal portion of the SU Env subunit, and replace- 
ment of the variable region of one strain with that of another 
can, for instance, change viral tropism Lxaa that of strain 
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ing a therapeutic gen* x)- Her* *« represent diagrammatically the various classes of retroviral pseudotypcs that have been produced tjy 
providing various «n» genes in /mw; this illustrates the principle of alteration of retroviral vector tropism by pseudotyping. 
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14070A to that of lOAl (12). Engineering of murine retroviral 
Env proteins is being actively investigated (12-14) and is an 
important area of research. However, receptor recognition 
may involve complex interactions between the cellular ligand 
^and different parts of the viral Env, and modification of viral 
tropism by direct replacement of receptor-binding sequences 
will not be straightforward. The function of Env proteins is 
not simply to adhere to host cells but also to participate in 
a sequence of events leading to membrane fusion. Excessive 
aheration of Env structure might therefore jeopardize the ex- 
p sure of hydrophobic domains required for fusion and cor- 
rect viral internalization. Nevertheless, a mammalian cell 
tropism has been conferred on an avian retrovirus by en- 
gineering inlcgrin-binding sequences into Env. It was found 
that two of the variable regions of ALV Env could be 
manipulated by exchanging eno sequences with those encod- 
ing a 16-amino acid RGD-containing peptide to produce 
Env proteins that were processed and incorporated into 
retroviral particles (15). Such hybrid envelopes could still 
efficiendy mediate infection of avian cells through the ALV 
receptor, and could also infect and transfer neomycin 
resistance to mammalian (ALV-refractory) cells that ex- 
pressed RGD-rccognizing integrins. Infection was not 
efficient and required previous deglycosylation of the virus to 
expose RGD epitopes, but it is an important demonstration 
of the principle of targeting retroviral vectors by envelope 
modification. 

In other studies, the RSV host range has been broadened 
to include human cells by packaging the genome with a chi- 
meric Env that was a fusion of the RSV signal peptide and 
the influenza virus hemagglutinin (16). Chimeric Env was 
found to be incorporated into the virions as cfl&ciendy as 
wild-type RSV Env. It may be possible to use influenza 
hemagglutinins to direct retroviral vectors to subsets of cells 
exhibiting particular glycosylation phcnotypes as the various 
influenza strains possess different hemagglutinins with 
different precise specificities. Another candidate protein for 
restriction of tropism is the B19 parvovirus surface protein, 
the surface receptor for which has rccendy been character- 
ized (17) as the tetrasaccharide of globoside (blood group P 
andgen), which has a very limited tissue distribution. The 
B19 surface protein may be susceptible to fine*tuning of sac* 
diaride specificity by recombinant techniques or site-directed 
mutagenesis, similar to the influenza hemagglutinin (18). 

The possibility of targeting retroviral vectors to particular 
glycosylation phenotypcs may be of special interest for 
cancer therapy, as many transformed cells show altered 
glycosylation. Whether or not any aberrandy expressed gly- 
cans can mediate viral entry is another question; a recent " 
report indicates that retroviruses targeted to cdls via lectin 
cross'linking cannot infect the cells after binding (19), but 
this could be a function of the lectin or of structural altera- 
tions caused by cross-linking rathef than a function of the 
glycan receptor. 

The demonstrable ability (16) to alter RSV tropism from 
avian t human cells by manipulation of envelope structure 
could be of great interest for cancer therapy. This is because 
the vast number of target cells in malignant disease suggests 
that either the immune system must be recruited or that a 
replicating vector be used to target all the tumor cells, and 
RSV is a replicating vector par excellence. Beades iu own 
genome, this virus is known to carry a cell-derived oncogene; 
replacement f this with a therapeutic cDNA would give a 
replication-competent gene therapy vector. 

Encouraging results have been reported using a similar 
approach^ in which a cDNA encoding an mAb fragment 



capable of hapten recognition vras fused to the tnp gene of 
MoMLV (18). Coexpression of this gene with the normal 
envelope in an ecotropic packaging line resulted in infective 
viral particles that possessed the appropriate hapten-binding 
activity. It should be noted that the packaging line was ex- 
pressing and required parental ecotropic Env as well as the 
chimeric protein, so it remains to be . seen if infective 
retroviral particles can be assembled that contain only 
hapten-displaying Env (20). This approach has yet to be 
demonstrated using a hapten directed against a relevant hu- 
man antigen capable of mediating virus internalization, and 
is still far from in vivo application. 

Targeting by retrovina-iigand conjugates 

Hcpatocytcs possess a unique receptor that internalizes 
asialoglycoproteins. Conjugation of lactose to ecotropic viral 
particles allowed them to be recognized as asialo^ycopioteins 
and broadened their host range to include human hepatoma 
cells (21). However, this approach is limited first to cells that 
express the asialoglycoprotein receptor, and second to 
proliferating cells (because retroviruses depend on host cell 
mitosis in or^cr to integrate). As normal liver cells have a 
very low turnover rate, this technique is most likely to be of 
use for in vivo delivery to malignant liver disease, of the 
hepatocyte lineage. Furthermore, because the vector was 
based on an ecotropic virus, its tropism in humans would be 
limited entirely to hcpatocytcs, grcady increasing its safety 
compared with broad affinity vectors such as those bearing 
the 4O70A or GALV envelope proteins. 

In a more indirect approach, it was found that ecotropic 
MoMLV vectors bound to human hepatoma cells after being 
cross-linked to the transferrin receptor by a series of antibod- 
ies; however, there was no subsequent proviral integration, 
suggesting either that the cross-linking antibodies were in- 
hibiting membrane fusion or that the transferrin receptor 
cannot mediate appropriate viral internalization (22). A 
similar cross-linked mAb technique has been used to target 
ecotropic retroviral particles to human cells in vitro by 
means of the streptavidin-biotin reaction (23). This allowed 
ecotropic virus to bind to cells expressing human class I or 
II MHC antigens and to become intenialued and in- 
tegrated. An extension of this technique (19) showed that bi- 
otin^atcd EGF or insulin could substitute for the andcellu- 
lar receptor andbody, and thjit EQF and insufin receptors 
could mediate internalization, leading to . integration, f 
retroviral particles bearing streptavidin-conjugat^ antibod- 
ies. The possibility of targeting retroviral vectors by means 
.other thain murine andbodies, whidi sufier from numerous 
disadvantage in vivo, suggests that this approadi may have 
potendal although its in vivo applicability has yet to be 
demonstrated. 

Adenoviral vectors 

Adenoviruses are double-stranded DNA viruses in which the 
viral genomic DNA is contained in a virally encoded protein 
coat (capsid) rather than a phosphblipid bilayer of host cell 
origin. The capsid consists of three major types of subunit: 
the hexon, which makes up the bulk of the coat; the penton 
base; and tl>c penton fiber. The fiber is attached to the capsid 
via > the penton base and projects outward; base and fiber 
together are known as the penton complex. During infection, 
the fiber mediates initial binding of the virus t an 
unidentified cellular receptor and the penton base subse- 
quently mediates virus internalization via interactions with 
a^-type integrins (24). Thus, the penton complex is respon- 
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Jfor binding and internaJizalion, and ihcrcf rc for viral 
nsm Ml the level of cell recognition. Although adenoviral 

es are usually associal d in vivo with respiratory 
ium or the GI tract, their cellular rcccpt rs seem to be 
distributed (25). Clearly then, as with retroviruses, 
problem is to limit viral tropism to a particular subset of 

fs. The adenoviral proieins responsible for attachment 
nternalization. respectively, have been well character- 
giving two points at which to manipulate tropism. The 
5t promising approach is to restrict adenovirus infection 

(cell-binding stage by replacing the carboxyl-lcrminus 
of the fiber with a ligand conferring a particular 
m, for instance, with an antibody hapten. One report 
) describes the restriction of adenovirus type 5 tropism by 

Iferent kind of fiber modification where intact virions 
chemically modified so that their fiber carbohydrate 
ps were covalently linked to an asialoglycoprotcin- 
ylysine conjugate. Such modified virus was found to have 

f decreased infcctivity to asialoglycoprotein receptor- 
ive cells whilo retaining infectivity to receptor-positive 
This approach wotild be equally applicable to targeting 
:noviral vectors per se. It may also be possible to restrict 
■kion by replacing the RGD-containing dornain of the 
|on base with sequences having affinity for a ligand other 
in RGD-recognizing integrins. 

Adenoviral vectors can also be targeted via the route of ad- 
Kstration (27); targeting of a TtwZ-expressing adenoviral 
B>r to the kidney by renal artery or pyelic cavity infusion 
nilted in /3-gal activity in various renal cells with no dctec- 

( expression in liver, lung, or bladder cells (27). 
possible advantage of refinement of vector targeting to 
K)int of absolute specificity might be the ability to use 
plicating vectors for gene therapy. For cancer, development 

II replicating adenoviral vector, perhaps carrying a 
kine or suicide gene, targeted to cancer cells at the level 
XL bind'mg (via fiber/base manipulations) and at the level 
* transcription (sec next section) might allow transduction 

fi large number of malignant cells in a tumor deposit; 
death due to adenovirally induced lysis may even poten- 
the field effect of cytokines. A safety feature of such a 
rstcm would be that the immune system would be expected 
(Eventually clear such therapeutic infections (as it does for 
Kl-type infections); therefore this potential therapy only 
%its adequate targeting strategies. 



plication, particulaHy where the target tissue is found in a 
discrete anatomical compartment; e.g., nontargcted lipo- 
somes could be applied directly to the bladder for treatment 
of carcinoma or to the lung for treatment of cystic fibrosis or 
aAT deficiency. Targeting by compartment has allowed 
confined transduction of discrete sections of arterial wall us- 
ing both liposomal and retroviral vectors (29). 

In most cases, howeve r, in vivg |t<:^ nf lipn^nmr <: rrqnires 
fira t avoiding the Kfc^S. and seco nd, dtsDlay of appmpriatf 
tropic a nd fusogenic molecule s (Fig. 2). Uptake by the RES 
can be considerably delayed, but not altogether avoided, by 
the use of "stealth" liposomes that display negatively charged 
moieties such as the ganglioside GMl and polyethylene 
glycol (PEG) (28). For most systemic purposes, the stealth 
formula is probably essential. 

Liposomes bearing an immunoglobulin complement ("im- 
munoliposomes") can exhibit tropisms conferred by the dis- 
played antibody. Hence, coupling to liposomes of an anti- 
body against glioma cells increased the efficiency of gene 
delivery to these cells in culture by about sevenfold (30). Just 
as mAbs may be conjugated to liposomes to corner targeting 
capability, so may other ligands such as growth factoi? and 
hormones. Coupling of transferrin to liposomes followed by 
i.v. injection in a rabbit model resulted in significantly 
greater localization to bone marrow erythroblasts (31), and 
incorporation of surfactant protein A into liposomes in- 
creased the uptake of the liposome cargo by alveolar type II 
cells (32). However, it is not sufficient merely to confer upon 
the vector a particular birlding ability; the particle must bind 
to a ligand that also allows fusion of liposome and cell mem- 
branes. Such considerations of appropriate internalization of 
vector cargo are espedaUy important for gene delivery vec- 
tors, where the DNA must not only reach the appropriate 
cell type but also must reach the nucleus in undegraded form. 

Conjugating virions to liposomes or incorporating viral 
surface glycoproteins into liposomes might create a vector, 
that has the efficient cell attachment and entry mechanisms 
' of a virus but not the safety drawbacks; much work has been 
done in this area with Sendai virus in particular (33). 
Another system used liposomes that displayed only the fuso- 
genic protein of Sendai virus (F-protein) and not the cell- 
binding proteiri (hemagglutinin) (34). However, although 
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n^-v work on targeted liposomes has been designed to 
Idivcrcyt toxic drugs to cancer cells and has been reviewed 

Ctntly (28). Expression of a cDNA in the target cells makes 
ater demands on the vector system in that it must not 
y target the appropriate cell type but also allow efficient 
lelivery of undegraded DNA to the nucleus. For most tar- 
"I ted gene delivery p ur poses, conventiop j*! Iipfv^nmes are 
■it#»^ herausr, nf the ir selective uptake by cdls of the 
> ^Cllloendoaieiiai tystfcin TRES). in particular by macro- 
phages resident in hver, spleen, and bone m arrow^ because 

ITheu- limited e^cte nt ol extravasation.. Where macrophages 
emseives are the target, however, RES affinity is advanta- 
geous. In Lw donovant leishmaniasis parasites not only miilti- 

ily in the Kupffer cells f th liver, but are also residetit in 
[vacuol to which lysosomes fuse, so that liposomes are pas- 
vely targeted not^only fo th parasitized cell but also to the 
appropriate organelle, making liposome-medi^ed delivery 
of transcriptionally targeted antiscnsc or tuickle genes to 
Biese parasites a real possibility. It is also possible in a few 
|ascs to avoid much of th RES by the particular route of ap- 




Figure 2. Modification of lipid membranes to produce targeted 
liposomes. "Rogcting of liposomes requires first abrogation of their 
RES affinity, and second, provision vdth exposed ligands having the 
required targeting capacity Inclusion of ganglioside glycolipids into 
the lipid formulation can allow RES evasion; other lipid formula- 
tions include cauonic lipids to allow promiscuous membrane bind- 
ing and hence lysosome escape, and pH-tensitivc lipids, which al- 
low lysosome escape without the broad affinity conferred by cationic 
lipids. Various types of ligand can be inserted into the lipid mem- 
brane for provision of particular tropisms (see text for details). 
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■such approaches can make liposomes up to lO-fold more 
^tfiicicnl ihan lipofcction at gene delivery (33), in terms of 
targeting all it can do is confer upon the liposome the 

Itropism of the virus, and there are very few native viral 
receptors that exhibit a narrow and precise cell type 
specificity Nevertheless, a promising system (35) is currently 
being developed in which respiratory epithelium is targeted 

I by means of the surface proteins of respiratory syncytial vi- 
rus (ReSV), which is responsible for infections of the lower 
respiratory tract. Liposomc-type envelopes were constructed 
that displayed both the attachment and fusion proteins of 

IReSV, and these have been shown to enter all cells of a cul- 
tured respiratory cpithcliial cell line within 1 h (35). 

Cationic liposomes such as the commercially produced 

Ilipofectin can efficiently avoid the lysosomal pathway be- 
cause the particular lipid composition allows direct fusion of 
liposome and cell membranes. These particles are therefore 
much more efficient than conventional liposomes, and for in 

I vitro transduction have largely replaced them. Cationic lipo- 
somes have also been used for in vivo approaches and even 
dinical trials; however, there seem to be no data on the ex- 
tent to which these liposomes can avoid the RES, and indeed 

I the cationic surface would seem to be incompatible with the 
negative charges characteristic of ihse stealth formulation. 
One report suggests that the cationic liposome has as much 
affinity for other cell types as for the RES after i.v, injection 

1(36). " Administration of liposomes carrying SV40-CAT 
resulted in widespread expression of the marker gene for up 
to 9 wk, albeit mainly in tissues generally associated with the 
RES such as spleen, liver, lymph nodes, and bone marrow 

Ias .wdl as in vascular endothelium. CAT cxprcsdon was also 
bscrved in tumor cells in this experiment, probably as a 



j. 

consequence of leaky tumor vasculature, it may cyentuaHy 
be pos sible to combine the efficient lysosomal avoidance of 
Cat ionic liposomes with a specific targeting capacit^T 
Although the problem is likely to be that the generally fuso- 

^tide any prc- 



genic nature of cationic liposomes may p 
rtScIy restricted targeting. '■ 



Molecular conjugate vectors 

Targeting of plasmid DNA may be achieved by coupling the 
DNA to a ligand with a demonstrated cell or tissue affinity. 
This is usually brought about by covalcntly linking a polyca- 
tion such as polylysine to the ligand; the polycation can then 
bind to. and condense plasmid DNA via electrostatic interac- 
tions, leaving the ligand exposed on the surface of the con- 
jugate (37). The ligands chosen must be efficiently endocy- 
tosed in the target cells so that DNA is efficiendy internalized. 
One of the first receptors to be used in this way was the 
asialoglycoprotein receptor, whose expression is limited to 
hcpatocytcs; this receptor binds glycoproteins with terminal 
galactose residues for removal from the circulation; 
asialoorosomucoid (ASOR) is a major natural ligand for this 
receptor. B3A has been given specificity for the ASOR 
receptor by artificial galactosylation, and has been used to 
target CAT and human factor IX cDNAs (38) to hepatoma 
cells in vitro and to liver but not other tissues in vivo. Other 
ligands that have been used in similar conjugates include in- 
sulin (39), EOF (40). lectins (41). and transferrin (37). A 
major drawback of classical molecular conjugate vectors is 
that internalization depends on receptor-mediated endocyto* 
: sis, a process that directs the. receptor complex .to lysosomcs 
where it is degraded; only a small fraction of introduced 
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Figure 5. Targeting of plasmid DNA by molecular conjugate vectors. Conjugation of plasmid DNA to a particular Itgand can confer a 
particular targeting capacity, but results in a vector of very low efficiency because most rcceptor*mediatcd endocytosis directs such con- 
jugates to lysosomes where the great majority of vector DNA is degraded (route A). By complexing an adenovirus coat to the conjugate, 
a highly efficient vector is created by virtue of the ability of adenovirus proteins to disrupt the cndosome before vector degradation (route 
B); however, this abrogates any urgcting capacity conferred by the ligand, as the complex can enter cells either via the ligand receptor 
or via the virtually ubiquitous adenoviral receptor, lb truly target such* complexes it will be necessary to use modified adenoviral coats 
that retain the lysosomal escape mechanism but cannot interact with \he adenoviral receptor (route C). 
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scapes this pathway and enters the nucleus, leading to 
acicncy f transduction. 
■Uf generation of molecular conjugate vectors has been 
Ed that has the capacity to escape the degradativc 
tnal pathway by utilizing features of the adeno\ irus 
(Fig- 5)- Adenovirus disrupts endosomes during cell 

Is a consequence of a conformational change in the 
proteins, resulting in membrane breakdown, trig- 
by a drop in pH. Hence, molecular conjugate vectors 
jpd DNA to cells with greatly increased efficiency 
K-ansfection was done in the presence of adenovirus. 
mcr, this effect relies on both virus and vector being 
U in the same cndosome. To improve efficiency, the 

tirus has been coupled directly to the molecular con- 
(37). However, adenovirus receptors are virtually 
ous and so the coupling of an adenovirus receptor to 
rctcd molecular conjugate would be expected to par- 
Br completely abrogate any preferential u-opism cpn- 
■by the ligand. Blocking the interaction of fiber with 
Hirus receptor by mAb to the fiber resulted (42) in a 
r that was both targeted to a specific subset of cells and 
m escape the lysosomal pathway. A more satisfactory ap- 
K would be to create recombinant adenoviral vectors 
"splay dysfunctional fiber proteins in order to bypass 
ntibody-coating^step. . ^ 

■ in vivo experiments have been attempted usmg 
B/irus-molecular conjugate complexes, and in fact it is 

cly that such vectors will be routinely applicable to in 
work, although they arc likely to be of use for ex vivo 

Ijics (43). This . is a consequence first of the size of the 
ex (transferrin-polycation conjugates arc approxi- 
ly 100 niTi in diameter (44); complexed With AdV they 
J be even larger), which will prohibit extensive extrava- 
H or tissue penetration, and second, of the likelihood of 

■ immunogcnicity of the AdV proteins (45). 
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[C LEVEL 



[ucripti nal targeting 

Iapeuttc cDNAs may be limited in expression to a partic- 
subset of cells by placing them under the control of 
ilat ry dements that possess binding sites for tissue- 
■icted positive or negative £mw-acting factors (Fig* 
Kctly regulated expression may require, in addition to 5' 
Tftotcr sequences, distant elements cither 5' or 3' to the 
ing regi n; these clemcnU act together with the promoter 

I allow tissue-specific expression at appropriate levels in- 
ndcnt f position of integration. Such locus control 
ions (LCRs) have been identified for a number of genes. 
;Rs would be of much use for gene augmentation but the 

Ktfcr of such large sections of DNA to target celb will be 
lematic, particularly in vivo, and in faa for the foreseea- 
t'uturc may be confined to ex vivo strategi^Where a 
»nogenic defect results in pathology in more tRan one tis- 

tthc most pragmatic approach to appropriately limit the 
essi n of dierapeutic cDNA is to use the cellular 
jmoter/enhancer elements native to the defective gene, 
^hcrmore, the use of cellular rather than viral promoters 
■ices the chance of loss of cDNA expression due to inacti- 
|on f viral sequcnceSs by methylation or other mcchan- 
ns (46). Thus, cellular promoters may confer benefits both 
Jong-term expression and of tissue- restricted expression, 
■ where vector-targeting at the cell-binding level has not 
■n achieved it may represent the only way of limiting ex- 
ession of exogenous cDNA. 



Figure 4. Tissue- rest rioted transcription. A promiscuously binding 
vector can be targeted at the transcriptional level if ehc therapeutic 
gene (x) is controlled by 5* regulatory elements (shown here as a 
shaded region upstream of x) active only in the presence of tissue- 
specific nuclear transcription factors; thus expression of x occurs 
only in the target celk. 



Tissue-specific cellular regulatory elements have great 
potential for development of safe, targeted vectors for gene 
therapy. For example, the creatine kinase promoter has been 
used in a plasmid vector to restrict dystrophin cDNA expres- 
sion to skeletal and cardiac muscle, and in the mdx mouse 
model of Duchenne muscular dystrophy, mice transgenic for 
this promotcr-cDNA construct were found to exhibit correc- 
tion of dystrophic symptoms (47). A potential approach to 
the treatment of B cell lymphoma involves expression of sui- * 
cidc genes transcriptionally regulated by promoter/enhancers 
from the Ig heavy chain or the x light chain genes; expres- 
sion plasmids containing the diphtheria toxin A (DT-A) gene 
controlled by these regulatory elements mediated significant 
expression of DT-A in B lymphoid cells but not in HcLa cells 
or fibroblasts (48). ^ 

Endothelial cells are attractive redpicnts for gene trainsfcr 
therapies not only for obvious purposes such as targeting of 
tumor vasculature or therapy of cardiovascular disease, but 
also for the systemic secretion of therapeutic fartors. An en- 
dothelial cell-specific regulatory region has rcccndy been 
characterized (49) as SOO.bp of 5' sequences, associated vrith 
the gene for von Willcbrantfs factor, acting in conjunction 
with an essential region in the first intron. This promoter 
could be particularly useful when driving a suicide gene in 
a retroviral vector as it would then be targeted to dividing 
endothelial cells, i.e., almost exclusively tumor vasculature. 

Tissue-specific cellular promoters frequently retain their 
specificity in the context of a retroviral vector (50); however, 
this is not always the case, and the design of the retroviral 
vector may have significant effects on tissue specificity due to 
promoter interference (51). Tissue-specific promoters have 
also been shown to appropriately restrict cDNA expression 
in the context of recombinant adenoviruses, e.g., the rat al- 
bumin promoter maintained its hepatoma cell specificity m 
vitro (52), albeit at low levels. 



Antiviral therapy using transcriptional 
targeting 

Transcripti nal targeting may be of particular use in the 
therapy of particular kinds of viral infection. In cases where 
the viral life cycle depends on self-encoded autorcgulatory 
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proteins, vectors can be made in which therapeutic cDNAs 
arc transcriptionally regulated by these same viral proteins. 
Transcription of the therapeutic cDNA is therefore limited to 
cells that are infected by the virus, and thus such an ap- 
proach could be either prophylactic or curative. This 
strategy has been applied to experimental HIV therapies. 
One recent report (53) described the construct! n of a 
recombinant retrovirus containing HSVTK driven by the 
HIV-2 LTRTAR; cells expressing this construct became sus- 
ceptible to ganciclovir after infection by HIV-2 in vitro. 

Targeting proliferating cells 

Murine C-type retroviral vectors can combine the ability to 
express cDNA from an internal tissue-specific- promoter with 
an innate tropism for proliferating tissue. Therefore, they 
have great potential as vectors for the gene therapy of cancer, 
because restricted cDNA expression is of particular impor- 
tanc in strategics that involve delivery of cytokine or suicide 
genes and malignancies are often distinguished by rapid di- 
vision in a relatively quiescent background. Indeed, in a yery 
few cases the retroviral requirement for cell division may be 
sufficient in itself to target the therapy '(Fig. 5); where 
tumors arise in the CNS their high rate of proliferation in the 
context of a completely postmitotic tissue, in an anatomical 
compartihent that is separated from the rest of the body, al- 
lows fficient targeting with retroviral vectors (54). As an ad- 
ditional targeting feature for malignancies of the CNS, the 
glial*specific promoter region of the mouse myelin basic pro- 
tein, gene has been used to drive HSVTK in a rctroviral vec- 
tor (55); this approach could aUow long-term administration 
of producer cells at the primary site or systemic vcctor^appli- 




Figure 5. Targeting proliferating cells. Retroviral vectors require 
cell division for integration and gene expression; therefore where a 
tumor arises io a completely postmitotic backgrouixl, such as the 
CNS, the proliferation of the malignant tissue may be sufficient in 
ttsdf to allow efficiently targeted delivery of tuidde genes via 
recombinant retroviruses. Actively replicating (tumor) cells arc 
represented by diagonal lines; quiescent neuron tissue is represented 
by dou. 



cation to treat metastatic deposits as collateral infection f 
nonglial cells would not result in expression fth suicide gene. 

Retroviral vectors would also be useful in targeting liver 
malignancies, as the liver is also slowly proliferative under 
normal circumstances. Tissue-specific promoters would be 
essential for' such strategies, because unlike the CNS, the 
liver is not efficiently insulated from the rest of the body. Am- 
phofropic retroviral vectors have been constructed carrying 
HSVTK cDNA driven either by the albumin or the a- 
fetoprotcin promoters (56). The albumin promoter was ac- 
tive only in cells of the liver lineage; the a-fetoprotein * 
promoter conferred an extra level of targeting in that it was 
hepatoma-spccific as opposed to Itepatocytc-spectfic (a- 
fctoprotcin is normally expressed only in fetal tissues). 

Tlie 5' region of the tyrosinase gene has also been used to 
restrict expression of therapeutic cDNAs to melanocytes and 
melanoma cells both in vitro and in vivo by means of 
retroviral vectors (51, 57). This kind of transcriptional target- 
ing may be useful in VDEPT approaches for melanoma be- 
cause normal melanocytes are dispersed and of low density 
in body tissues, and their ablation is likely to be minimally 
pathological Even better would be the usurpation of tumor- 
specific triuiscriptional regulation by using promoter se- 
quences from genes, whose overexpression is limited to trans- 
formed tissue. One such candidate is the oncogene ERBB2, 
which IS ovcrexpresscd in a variety of tumors. The ERBB2 
promoter sequences . have been used to drive cytosin 
deaminase cDNA in a retroviral vector (58); this strategy 
conferred sensitivity to ERBB2-overproducing cells but not 
to control ceUs, and represents a potentially widely applica- 
ble method of tumor-preferential transcriptional targeting. 
The a-fetoprotein promoter is in effect completely tumor- 
specific, but is applicable only to malignandes of the liven 

Exploitation of natural viral tropisms 

An obvious approach to the precise targeting of tissues is to 
. make vectors from viruses that have preferential patterns of 
transcription in target tissues, such as HSV vectors for ner- 
vous tissue. However, careful dissection of the genomes of 
these viruses will be necessary to separate pathogenic se- 
quences from, those that confer transcriptional specificity; in 
most cases it "will be preferable to use cellular promoters in 
the vector of choice, especially as the range of transcript! n* 
aDy targeted viral genomes is not great. 

There may be one remarkable exception to the general re- 
jquirement forjccUular promoters rather than viral prom ters 
. .in gene therapy, namdy. -thc.use of autonomous parvoviral 
. ; sequences for -targeting transformedi cells (sec rcf 59 for 
review). These , viruses preferentially kill transformed cells 
(60), and coinjection of mouse minute virus (MVM) and 
Ehriich ascites tumor ceOs into the peritoneal cavities of mice 
. inhibited tunoor formation by up to 90%. Furthermore, mice 
that had survived one such coinjection were resistant to a se- 
cond tumor challenge 5-6 wk later. The precise basis of par- 
vovirus oncotropbm is not understood but may be related t 
an effect of the transformed cell environment on the produc- 
tion or activity of parvovirus autoregulatory proteins. The 
parvovirus promoter that is preferentially transactivated in 
certain transformed cells is deaHy a candidate to control 
transcription of suicide or cytokine genes in parvovirus vec- 
tors for cancer th rapies. Recombinant parvovirus vectors 
have be n mad and shown to both transfer exogenous 
cDNA expression to redptent cells and retain their on- 
cotropism in vitro (61) for human and murine cells. Recom* 
* binant parvoviruses may therefore represent one f the most 
promising approaches t cancer therapies for the future. 
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Tkrgeled integration: site-specific fecombination 



N flint grating vectors are adequate for transient expression 
f cDNA. Where the object is a *onc-shot" treatment for cure 
of a genetic disorder, it is necessary to us cither an integrat- 
ing vector or a stably replicating extrachromosomal clement. 
For the future, sequences containing mammalian origins of 
replication or even entire niammalian artificial chromosomes 
(62) could have great potential especially for ex vivo ap- 
proaches. Similarly, vectors based on the Epstcin-Barr virus, 
which is stably maintained episomally as a plasmid in hu- 
man cells, may one day be suitable for clinical use. 

The ideal approach would be to target the exogenous 
DNA to the mutant gene, i.e., gene replacement rather than 
gene augmentation. Such gene targeting approaches may be 
of use for ex vivo strategics to stably transduce cells with less 
likelihood of simultaneous transformation (63). Such in vitro 
h mologous recombination may be useful in inactiyating 
genes responsible for MHC class I expression in myoblasts 
t create a universal carrier cell that can be transplanted 
regardless of the recipient HLA type (63). This approach is 
applicable to any ex vivo strategy that requires implantation 
of viable transduced but otherwise unchanged cells. The 
technology required to accomplish this at levels of eflBcicncy 
relevant to in vivo gene transfer does not yet exist and so in- 
tegrating gene therapy vectors at present can oflct only gene 
augmentation. 

Nontargetcd integration could be hazardous if completely 
random, not only by turning on downstream oncogenes via 
promoter readthrough but also by direct disruption of genes, 
and this is the main source of concern with regard to the use 
of retroviral vectors in hiunans. Vectors with the capacity for 
site-spedfic integration would overcome these problems. 
Ad no-assodated virus is a defective parvovirus that poten- 
tially is widdy applicable in gene transfer strategies because 
it is tropic for many cell types, nonpathogenic in humans (in 
the absence of hdper virus the AAV genome does not repli- 
cate but integrates into the genome and assumes a state , of . 
latency), and can be manipulated to derive reconibinant ge- 
nomes capable of vectoring exogenous DNA (64). Although 
these vectors can package only up to 4.5 kb as compared with 
the retrovirus limit of approwmatdy 7 kb, they are said to 
have one major advanUgc over other integrating vectors, 
namdy, a propensity (which is far from total) for ^parently 
harmless integration into a region of human chromosome 19 
known as AAVSl (see review, rcf 65). Where suA spedfic in- 
tegrati n occurs, it b . almost certainly metfiatcd by virally 
encoded proteins with afiBnity both for the targjct site and for 
the virus genome (66). Aldiough integrated viral sequences 
remain dormant until superinfection by AdWHSV, ex- 
genous cDNAs driven by internal promoters can still be ac- 
tive (furthermore, the transcriptional inactivity of the viral 
ITR means that there will be no promoter interference lead- 
ing to, for example, loss of tissue specificity of exogenous 
promot r. and less chance of insertional mutagenesb for the 
same reason). Thus AAV vectors have been shown to ^confer 
neomydn resistance and in some cases to integrate with site 
specifidty (64). This study also showed that AAV vectors 
preserved their site spodfidty after transfcction in plasmid 
form; the use fa transfectable plasmid rather than a viral 
vector might overcome the packaging limitations of AAV 
vcct rs (64)., It must be said, however, that some groups 
report that recombinant A^ vectors show site specifidty in 
only a rdativdy minor proportion of the total number of in- 
tegration events- There have been several attempts to explore 
the therapeutic potential of AAV vectors, e.g., the ddivery of 
cDNA for die correction of the cystic fibrosis defects (67). 



There may be other vector systems also capable of site- 
specific integration. Eukaryotic genomes harbor large num- 
bers of endogenous transposable elements of various types 
(68), i.e., autonomoudy replicating units that can insert 
themselves into the host genome. Some of these elem nts. 
known as LTR retrotransposons, are very similar to 
retroviruses both in replication cyde and in organization, be- 
ing bound by LTRs and possessing coding regions with ho- 
mology to retroviral gag-pol genes. The replicative cycle of 
LTR retrotransposons exactly parallels that of the 
retroviruses except that there is no envelope stage, thus, 
cytoplasmic virus-like particles (69) are formed containing 
reverse transcriptase, the RNA form of the retrotransposon, 
and cellular tRNA primers for reverse transcription. Such 
elements indude copta, yeast Ty, and the intracisternal A par- 
tide of mice; dearly they have great potential as vectors of 
improved safety as their use with retroviral packaging lines 
would be less likely to result in hdper virus production 
through homologous recombination'. Indeed a mouse 
retrotransposon VL30 has already been made into a gene 
transfer vector (70), which can be produced in a standard 
retroviral packaging line: Endogenous retrotransposons a 
priori would be expected, through coevolution with the host 
genome, to display a degree of site specificity of integration 
as continuous random retrotransposition would be ddeteri- 
ous to the cell. Yeast retrotransposons offer the best examples 
of site-spedfic retrotransposons, and moreover, their site of 
integration appears to be benign. Two of the five Sacchammyces 
ca€visuu' retrotransposons, Tyl and Ty3, exhibit unambigu- 
ous site spedfidty of integration (71). Ty3 dements integrate 
into Vites upstream of genes transcribed by RNA pol III, fre- 
quently within .1-4 nudeo tides of the start site of transcrip- 
tion. It has been suggested that this sequence-independent 
site spedfidty is brought about by interaction of the 
retrotransposon with elements involved in RNA pol III- 
mcdiated transcription, e.g., TFIIIB (71). SimUarly, Tyl 
preferentially integrates upstream of tRNA genes (71) 57% 
' of insertions occurring within 400 bp of a tRNA gene. A con- 
sequence of this spe<icity is that yeast genes are oiJy rarely 
interrupted by Tyl insertions . as regions upstream of yeast 
tRNA genes rardy contain typcn leadin g frames (71). The, 
great similarity of .UTR retrotransposons to retroviruses al- 
* lows them to be made into vectors with conventional retrovi- 
rus padcaging lines (70); possibly the dcvdopment of a pack- 
aging line that provides retrotransposon rather than 
retroviral gag-pol in (tuns wiU allow the production of vectors 
with integrational site spedfidty. 



SUMMARY AND PERSPECTIVES 

Of the gene therapy protocols that have so far entered dini- 
cal trials, targeting of the appropriate vectors has been 
achieved largdy only by indirect means. Thus, several such 
trials (for example, for treatment of ADA dcfidency, HIV in- 
fection, or cancer) have used specific cdl populatioiis that 
have been removed from the patient and infected in vitro by 
nontargetcd amphotropic retroviruses before bdng returned 
in vivo. Further Icveb of targeting have been achieved in 
some cases by careful choice of the paUent's ccHs; for in- 
stance, ex vivo transduction of tumor infiltrating lympho- 
cytes with potentially tumoricidal genes has been proposed 
as a means of ddivering their products to tumor deposits at 
much higher concentrations than would odicrwisc be possible. 
In contrast to ex vivo manipulation of target cells where 
: the veaor requires very litde, if any, "mtrinsic targeting capa- 
• bility, there are an increasing number of protocols in which 
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Noncihclcss. the imagination and ihc technology is cur- 
rently available to allow us to hope that vectors will eventu* 
ally be constructed that can include both efficiency and 
specificity. In particular, it docs not seem unrealistic lo sup- 
pose that the gene therapy vectors of th future will not be 
based exclusively on any single virus or physical vector sys- 
tem alone but will be synthetic, custom-designed vehicles 
(Fig. 6) into which specific targeting features can be in- 
cluded depending on the particular clinical requirements of 
the target disease and tissue. O 

We would like to thank Professor Bob Williamson for influential 
discussions. 
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Ligand-targeted receptor-mediated vectors 
for gene delivery 
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Gene therapy promises to cure human genetic diseases. One \\\ ^ xn^\v 
obstacles to fulfilling this promise is in the ahiliry to target ;i pene rn a «;«prrt;fi- 
cant popu laUon of cel ls and express it at adequate leveU fnr a long pnnu^h 
period of time . Viral methods for gene delivery have been studied for a 
number of years and are effective vectors for gene transfer. The great major- 
ity of gene therapy clinical trials currently in progress use reu-oviruses or ad- 
enoviruses. Howeverrthere-axenconcems for their climcaT'use because of 
possible risks of mutagenesis, immunogenic side-effects and toxicity. In ad- 
dition to this, there are other limitations, including the size of gene that can 
be transferred. Over the last ten years, a new approach has emerged that 
has increasingly gathered speed thanks to advances in receptor cell biology 
and antibody production. This method involves ligand- targe ted leceptor 
mediated endocytosis (RME) of 'polyplexes*. Here, synthetic complexes are 
composed of a cell-specific targeting ligand, coupled to a DNA binding ele- 
ment and endosmolytic function. These complexes are able to deliver 
genes to cells in a receptor-specific manner, without any viral DNA se- 
quences or packaging constraints. There are now many ligand/receptor 
systems under investigation, each one demonstrating successful gene trans- 
fer with a higher level of tissue specificity than viruses can offer. This review 
describes most of these systems and looks ahead to an era where cell- 
specific gene delivery may be a main stream gene therapy, treatment 
modality. 

Keywords: polyplexes, receptor-mediated endocytosis, targeted gene delivery, 
vectors 



1. Introduction i 

^_ 

There are few areas of biomedical research that have moved as rapidly or so 
completely captured the imagination of the scientific community as the 
field of gene therapy. Although in its infancy, gene therapy is a huge com- 
mercial business judging by the number of patents filed and of small bio- 
technology companies starting up, based upon one particular gene therapy 
technology. This phenomenon surely reflects the enormous potential of 
this approach for the correction of genetic diseases. There is certainly no 
lack of ideas, although many are hampered to an extent by the limitations of 
current technologies. General approaches include replacing a defective 
gene in diseases such as cystic fibrosis or muscular dystrophy, destroying 
cancerous or virally-infected cells such as in HIV infection or by promoting 
a host immune reaction against a disease or infeaion (for reviews see (1 ,2]). 
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When anUbodies were discovered, a similar wave of 
opiimlsm followed. Early this century. Ehriich hy- 
pothesised about 'magic bullets', able to destroy tafget 
cells on a specific basis. Monoclonal anUbodies 
brought us a step closer to this dream. Since then, 
there has been a great deal of research in the area of 
antibody- or ligandrmediaied delivery of drugs, tox- 
ins, radioactive isotopes and enzymes, with many 
promising leads entering clinical trials. Protein engi- 
neering has allowed some of these molecules to be 
improved, and this area is currently one of the most 
exploited in the biotechnological industry. However, 
even aiter almost 30 years of relendess pursuit, noth- 
ing has yet delivered such a promise in terms of clini- 
cal results. 

The delivery of genes encoding various functions 
greatly expands the range of treatable diseases as well 
as the types of strategies which can be employed. 
However, gene deliver/ remains the major techno- 
logical stumbling block in gene therapy strategies [3). 
Viruses are well suited to deliver genes to mammalian 
cells by virtue of their infection and replication cycle. 
Viral delivery is by far the most commonly utilised 
form of gene transfer veaor (reviewed in WD, with ret- 
roviruses being used for many years. Over the last few 
years, adenoviriises have been developed to over- 
come some of the limitations of retroviruses and, re- 
cently, the two types of viruses have been 'married^ to 
produce a hybrid virus which is able to cany out some 
of both functions (5). Reu-oviruses have the advan- 
tages of being potentially low in immunogenicity, 
with the abUity to infect and deliver genes to dividing 
cells, integrating randomly into the host genome al- 
lowing long-term gene expression and heritable 
transfer. Adenoviruses are able to infea quiescent and 
dividing cells with much higher efficiency but, being 
non-integrative. cannot be maintained for long peri- 
ods of time. They can also provoke a damaging im- 
mune reaction. 

Whichever viral veaor system you chose there are 
niany other drawbacks: 

• the risk of secondary malignancies (oncogene acti- 
vation or tumour suppressor gene disrupUon) from 
integrating veaors 

• the recombination of disabled viruses could make 
them infective again 

• there is no specific cell specificity, thus allowing 
non-targeted cells to be ihfeaed, a problem 



compounded by the heterogeneity of virally tar- 
geted antigens 

• reu-oviruses cannot infea non-dividing cells 

• there is an inherent difficulty in producing high li- 
tres of retroviruses for clinical use, although there 
are some strategies being developed to overcome 
this 

• inaaivation by host complement (a natural re- 
sponse to viral infections) in the cases where the in- 
feaed cells are required to survive, expression of 
toxic viral genes or the immunogenic response to 
ceUs infected can limit the actual number of cells 
transfeaed 

Finally, one of the greatest limitations of viral gene de- 
livery is in the permitable size of the packaged DNA 
16]. 

There is, of course, a great deal of research aimed at 
developing viral veaors with improved atuibutes, 
such as the recently developed lenUvirus veaors 
(such as HIV), which can infea non-dividing T-cells 
(7) and retroviruses (8] or adenoviruses (9J which ex- 
press targeting ligands on their surfaces. However, 
there is also a growing body of research into alterna- 
tive. non-infecUous gene delivery methods (reviewed 
in (10)). The main examples of these are: 

• liposomes (lipid encapsulated DNA) which fuse di- 
rectly with cells to introduce their DNA 

• naked DNA (cost-effective injection of pure DNA 
into sites of the body receptive to DNA uptake) 

• ligand-targeted receptor-mediated endocytosis of 
polyplexes 

The latter of these is an ^tensely studied and emerg- 
ing area and is the subj*t of this review. Uposomes. 
like viruses are non-tai^geted and can cause host com- 
plement depletion. Their lipophilic nature gives them 
the ability to transfer DNA to cells with high efficiency. 
Naked DNA is simple but non-targetable and suffers 
from low levels of gene expression and transduction 
efficiencies. RME of DNA by ligands exploits the 
highly efficient intemalisation pathway and traffick- 
ing routes within cells (as do viruses). Clustered 
ligand/receptor complexes gain entry into the cell by 
membrane invaginaUon into clatherin-coated pits to 
form endosomes. Various inu-acellular trafficking 
events result in the release of the ligand inside the cy- 
tosol with some receptors recycling back to the cell 
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surface and some being destroyed by lysosomal deg- 
radation (for an example, see (llj). 

The initial concept of gene delivery by a non-viral in- 
ternalised ligand was proposed by Cheng et al, (12), 
but this group was unable to report successful gene 
expression. Wu and co-workers [13J exploited the 
well-studied, liver-specific ASGP-R to successfully de- 
liver and express genes which were attached to one of 
its natural ligands, asialorosomucoid (ASOR). In ef- 
fea. the ligand/receptor pathway was being 'hijacked' 
into additionally transferring a gene. By such routes, 
thousands of ligands are internalised per second, 
hence many gene copies can be targeted to cells. 
Some of these ligand/receptor complexes are highly 
specific to certain cell-types, opening up the attractive 
area of tissue-specific targeting of genes. Even so, this 
■ is not an entirely new delivery pathway fdfmolecules 
as this has been the primary route for delivering toxins 
to tumour cells, exploiting the many tumour- 
associated antigens which are internalised [14]. For 
gene delivery, the targeting moiety takes the form of 
an antibody, peptide or natural ligand and the DNA is 
attached through a DNA binding agent, usually a poly- 
cation such as poly-L-lysine, which serves to complex 
and compaa the DNA. These types of gene delivery 
veaors have been designated 'molecular conjugate 
veaors'. or 'receptor-mediated gene transfer com- 
plexes'. It has now been generally accepted that they 
should be called receptor-mediated 'polyplexes' (151. 

2. Receptor-mediated polyplexes 

The most basic veaor takes the form of a cell-specific 
ligand and a DNA coupling element. Various ele- 
ments, such as whole, disabled adenovirus particles, 
membrane active peptides or translocation domains 
(see below), have additionally been incorporated to 
increase levels of gene transfer and expression. Al- 
though the exaa mechanism of gene delivery is un- 
clear and differs for each receptor, the pathway from 
the cell surface to the nucleus involves various endo- 
somal compartments resulting in the transport of the 
DNA to the nucleus for expression [l6) (Figure 1). 
There are many areas to consider when designing 
such molecules: 

• size 

• DNA condensation 

• route of administration 

• nuclease stability 



Pconarain 



• target sites 

• in vivo deposition 

• cell-binding 

• intemalisation 

• intracellular trafficking 

This review aims to address some of these areas. 
There are many patents in this area (see below), pri- 
marily based upon similar ligand-poly-L-lysine conju- 
gates. The payoff for the most successful of these is 
potentially enormous and will probably result in 
cross-licensing and collaborative agreements. 

2.1 DNA binding element 

"TThie way the DNA is attached and held in the complex 
is crucial to the stability of the veaor iin vitrchia cul- 
ture media, in vivo-in serum and within the 
endosomes-once inside the cell) and to the physical 
size of the complex. Polycationic chains are widely 
used to neutralise the negative charges of the DNA 
phosphodiester backbone and allow its condensation 
into a highly compaa form. The more compaa and 
small the complex is. the less chance there is that it 
will become engulfed by macrophages and be de- 
stroyed through the reticulo-endothelial system. The 
higher the positive: negative charge ratio, the more 
Stable the DNA is to endonuclease degradation as the 
phosphodiester bonds are less exposed. Additionally, 
charge neutralisation of the DNA by polycations al- 
lows interactions with the negatively charged cell 
membrane. The polycation/DNA complex resembles 
a toroid or 'doughnut* structure (as seen by electron 
microscopy [17D with a diameter ranging from 10 - 
100 run, which in some cases can be smaller than a vi- 
rus. Commonly, Poly-L-lysine is chemically linked to 
the targeting ligand and this is relatively inexpensive 
to make. Studies hava demonstrated the relationship 
between poly-L-lysin|\length and DNA stability or 
veaor function (reviewed in (18)). Poly-L-lysine 
lengths of 8 residues or less have been shown to result 
in complexes of up to 3 \im in size, far too large to be 
taken up by RME 1191 

The procedure of complexing the DNA to the polyca- 
tion has also been studied in an effort to produce bet- 
ter molecules (181. Generally, DNA and poly-L-lysine 
spontaneously associate to form a soluble complex. 
Poly-L-Iysine has also been used to compaa DNA into 
liposomes to make the smaller. Kabanov and Kabanov 
(20,1011 have patented variations on polylysine with 
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Figure 1: Schemetic diagram, taken as a summary from many sources, 
illustrating the general route f gene delivery by receptor-mediated endocytosis. 
The plasraid DNA, carrying the desired gene is complexcd with the 
ligand-polycation (1) forming a gene transfer polyplcx of size 10 - 100 nm (2). 
This binds to the specific receptor on the target cell (3) which is internalised and 
forms an cndosome (4). Endosomes acidify and cause the break up of the complex 
(5). Endosomes release their contents into the cytosol, a process dramatically 
improved by the inclusion of osmolyiic agents such as defective adenovirus (6). 
The DNA, some of which is still bound to the polycation, is localised to the cell's 
nucleus, a process aided by nuclear localisation sequences (7). Gene expression 
occurs (8), but the DNA is eventually lost as there is no active mechanism to retain 
it 
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alternative polycalion polymers for the use of DNA 
delivery. Other synthetic polymers such as poly- 
amino chains with a glucose backbone (21] and poly- 
ethylemine have been developed. Cationic polysac- 
charides such as chitosan, which can bind DNA and 
have lectin specificity, are being studied as dual- 
function agents for transporting DNA and targeting 
cells (22). Modifications such as these alter the kinetics 
of DNA uptake, but cannot be used in any recombi- 
nant approach. Further modifications such as polyeth- 
ylene glycol (PEG) derivitisation have been patented 
in a bid to reduce any potential immunogenidty (102). 



Commercially available poly-L-lysine 
preparations lend to be heterogeneous and 
not molecularly defined. Therefore, more 
recently, researchers have used naturally- 
occurring DNA binding proteins (see be- 
low). Histones and protamines are highly 
basic, small, compact proteins, with a high 
capacity for DNA, but are difficult to pro- 
duce recombinantly. Hisione HI was found 
to be superior to the H2-H4 histones as a 
DNA carrier for liver gene delivery (23). The 
sperm cell DNA compacting protein, prota- 
mine from humans, was used highly effec- 
tively in the form of an antibody:protamine 
fusion protein produced by mammalian cell 
culture (24). Theljasic high rhobiiity group 
protein (HMG-1) is being studied as an al- 
ternative carrier in recornbinant approaches 
(25), with expression and activity demon- 
strated in Pichia pastoris, A basic peptide 
(sequence 'SPKRSPKRSPKR') derived from 
the histone HI sequence (26) and a de novo 
designed sequence CYKAKgWK*) based on 
the spermidine structure have been used 
(27). Gotischalk et al. [21] found that this se- 
quence was ineffective without the pres- . 
ence of an endosome disruption peptide 
(see below) and the fully functional veaor 
was only 10-fold less effective than an ad- 
enovirus vector with 25 - 30% gene transfer 
levels in HepG2 cells. The yeast DNA- 
binding protein Gal 4 has been used quite 
ingeniously, despite its lower capacity for 
DNA (see below (281). There are also exam- 
ples of where DNA has been direcdy linked 
to the ligand in an approach termed 'antife- 
ction' (see below (29)). 

DNA intercalating agents have been used as 
DNA carriers. iMolecules such as acridine 
derivatives (30), ethidium bromide homo- 
dimers (31) and benzoquinone can complex 
to DNA. but there are concerns about the stability of 
the complex in vivo due to the DNA being non- 
condensed and susceptible to nuclease attack. 

Since there are no packaging requirements, size Lmi- 
lation is not an issue with polyplexes. DNA constructs 
up to a size of 48 kbp have been reported to have 
been delivered ma the transferrin receptor (see be- 
low) (32). 
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The nuclear membrane remains a barrier to gene de- 
livery, as microinjection of DNA into the cytosol re- 
sults in no expression compared to microinjection 
into the nucleus 1261. Cells which undergo mitosis af- 
ter DNA exposure show a higher level of gene expres- 
sion. Nuclear transport is accomplished by trafficking 
with a nuclear localisation signal (NLS). These uke the 
form of a short stretch of lysines or arginines (e.g., 
KKKKPRK in the SV40 Large T antigen). These NLSs 
are transferable with proteins as large as 250 kDa be- 
ing imported into the nucleus when 'tagged* with this 
peptide. The lysine-rich sequences used generally 
serve as satisfaaory NLSs as well as DNA binding 
functions. 

Endosome-disruptive functions 

Gene expression levels and periods were initially 
found to be low by RME delivery of polyplexes and 
further research showed that the major rate limiting 
step was the escape of DNA from endosomes and 
transport to the nucleus (Figure 1). This was previ- 
ously noted for the delivery of toxins in immunotox- 
ins. It was found, then, that co-delivery of 
replication-defective adenovirus particles greatly in- 
creased the rate of endosomal escape. When applied 
to gene delivery, there was a 200-fold increase in gene 
expression levels and an increase in levels of transfec- 
tion to 95% for the cells under study [33.103,104]. This 
was because the co-internalised adenoviojs caused 
endosome disruption, releasing adenoviral protein 
(and DNA) into the cytosol. These endosome- 
disrupting functions are present within the adenovinjs 
coat protein and occur in response to the pH decrease 
in the endosomes. When the adenovirus is linked to 
the gene transfer polyplex via an antibody bridge, the 
rate of gene transfer is improved a further two orders 
of magnitude (34J, perhaps due to the use of a more ef- 
fective adenoviral NLS. Other methods to link the ad- 
enovirus to the gene transfer complex include 
biotin-streptavidin bridges [351 and chemical linkers 
[361. Alternative viruses, such as rhinovirus [37] or 
naturally-occurring proteins, have endosomal ly- 
sis/osomolytic functions, including influenza haema- 
gluiinin (HA) or MS2 phage capsid proteins (1051. 
Peptides derived from the HA protein have been 
shown to cause endosomal lysis, but not as effectively 
as a whole adenovirus. Examples of these include 
•GLFEAIAGFIENGWEGMIDGGGC used in transferrin 
conjugates [381. De novo designed peptides, based on 
the amphipathic nature of the haemaglutinin peptides 
have also been incorporated, such as 



•GLFEALLELLESLWEULEA* (27). Agents such as these 
have been described in conjunction with alternative 
DNA delivery vectors to form systems such as SPET- 
synthetic peptide enhanced delivery {391 

Many toxins have natural endosomal translocation 
domains which function distinctly to transport pro- 
teins across the membrane rather than to lyse the en- 
dosome. The 19 kDa diphtheria toxin translocation 
domain has been used spedficalJy to augment DNA 
transfer, complexed with poly-L-lysine (40), whereas 
an existing antitumour P5eu^/omomw exotoxin immu- 
notoxin was modified to deliver a DNA binding pro- 
tein/plasmid complex, rather than the toxic catalytic 
domain (see below) [28). The use of cholera toxin as a 
delivery and possible translocation domain has also 
been described as part of a patent for gene delivery to 
mucosal cells. The B-chains of the cholera toxin multi- 
mer may aid translocation across the cell membrane 
by forming a pore (see below (106D. 

In many of the systems studied, the drug chloroquine 
was used to increase gene expression levels where 
endosomal processing was involved. Chloroquine is a 
weak base which neutralises acid compartments. It in- 
hibits hydrolases found in lysosomes and inhibits the 
fusion of lysosomes with endosomes, thus reducing 
degradation of their contents and increasing DNA 
stability. 

A different approach to promote release of endosome 
contents was patented by Berg et al. (107). Here, a 
photosensitising compound is co-transfected with the 
DNA, followed by treatment of the cells with light at a 
certain wavelength. Light-activated, chemically- 
induced membrane disruption occurs, resulting in en- 
dosome release. This can be used for DNA or protein 
delivery, but may not find wide application in vivo, 

23 Cell-specific ligand 

One of the main attractions pf this approach is the 
wide range of ligands/recjeptors which could be util- 
ised for gene delivery. Examples of systems under 
study are presented in Table 1. This list is growing as 
fundamental advances in cell biology uncover new re- 
ceptors and cell determinants. The various groups of 
ligands will be discussed in the context of the tissues 
targeted. 
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Table l:Lbtofagandsvscdinfcceptor-me^^ rs, the receptors targeted and ih cell types expressing that receptor. 



Ligand 



Receptor 



Cell type 



Asialoglycoprotein (ASOR) asiaJofetuin Asialoglycoprotcin receptor (ASCP-R) Hepalocyics (Parenchymal Uver cells) 
Galactosc/lactose 



Lactofenin 

Malaria circumzoite protein 
a i-Anti-lrypsin peptide 
Insulin 

Reconstituted sehdai virus 



Laaoferrin receptor 
Unknowns 

-:Serpin enzyme complex receptor 
;:lhsulm redE£ptor . ■ . - J 
■'^nknoVn -o;'- .. .■ = 



Hcpatocytcs (Parenchymal liver cells) 



Transferrin 



Malignant cells:giioma epithelial cells 



Mannose 



/'Marinoseiieccptpr ' 



Macrbf^ges 



Lectins 



•^Yarious-^i^ ; t- ''^^^:\^y ■■ 



Lewis lung carcinoma 



Epidermal growth factor (EOF) 



cancer. 



"Stcerfactor =v 



' Ovanan cahcei* . : s}^'^^^' '-B-.. ' 
\ Stem & haematopoietic cQl . 



Peptides contairring |^^gfe|^-^v^'"^' 



.'Epithelial cells 



. ix2 MacFOglobiilin 



^: ; .A ^ ^!^^i?^^!/i^!¥a5^ density Liver, 'inteslinal^i smboStrnu^le. 
' ' ^SS^SSjjP^P^^^j^S^ and fibroblasts: ^' 



neurone 



• Cholera- toxin.$uliiuiit:B-^^J^^g^ 



;:: Mucosal .epithelia v A';-- >r 



VVdcnovirus pentone baser ^H-'^i^&^a^y^^VvftM 



Epithelial cells 



Lymphomas _ -^^^jc-r^-^^^h:- 




.■::l^^til>bdy.;vC:. 

V Aiitijidibtypic'antibbdiei. ' ^'^r^S 



r ■ Ouiccr,*HIY infectionilhaeiiiatopoielic 



■B-cell lymphomas '^^.^S^f'^iv ' * 
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3. Systems under investigati n 



3.1 Gene delivery to the liver 

One of the primary targets for gene delivery is the 
liver, which is the affeaed organ in diseases such as 
phenylketouria (PKU), haemophilia and hepatitis in- 
fection. The liver is the largest gland in the body, mak- 
ing up about 2% of the body weight. It is central to the 
metabolism of proteins and lipids, hence is an impor- 
tant commercial target for gene therapy. The ASGP-R 
is highly expressed on hepatocytes and has become a 
model receptor for the study of RME and intemaiisa- 
tion 111). The receptor interacts with glycoproteins 
that have terminal galaaose residues. Wu and Wu syn- 
thesised a polyplex consisting of the desialated oro- 
somucoid and poly-L-lysine and showed gene^ - 
transfection of the transformed hepatocyte cell line 
HepG2 113). This was the first example of a successful 
gene delivered by this method. Reporter gene deliv- 
ery experiments in vivo showed that 85% of the in- 
jected DNA was taken up by the liver by 10 min (41). A 
great deal of research has followed, including in vivo 
gene delivery of albumin to rats with LDL receptor de- 
ficiency (42,108). An average of 1000 copies of the 
plasmid were found per hepatocyte resulting in a 
level of 34 [tg/ml human albuinin in the serum of ani- 
mals 2-4 weeks after injection and partial hepatec- 
tomy. Since then, many strategies based on this 
system have been patented, such as oligonucleotide 
delivery for antiviral therapy (109) and adenovinjs en- 
hancement (110). Since one-fifth of the cardiac output 
flows through the liver per minute, this organ is ame- 
nable to in vivo gene delivery. Even in the absence of 
specific targeting, many molecules can be delivered to 
the liver, although not as eifTidently internalised as 
those that are receptor-directed. 

Most of the DNA delivered by this receptor was 
shown to be degraded, resulting in short-lived (4 
days) and low levels of transgene expression. A partial 
hepateaomy stimulated longer expression, up to 11 
weeks in some cases. This was found to be due to in- 
creased DNA stability and not due to replication or in- 
tegration (16). Further work by others have shown that 
the intracellular route taken by the DNA complex is 
not the same as that taken by the free ligand (43) re- 
sulting in unpredictable intracellular trafficking. 

The human methylmalonyl-CoA mutase gene was de- 
livered to rat liver cells by ASOR-poly-L-lysine (44). 
Failure to correa the disease methylmalonic acidae- 
fnia is fatal. A staggering 95% of the injected dose 



accumulated in the liver, once again illustrating how 
this organ is amenable to this approach. After 6 - 24 h, 
the blood levels of enzyme increased 30 - 40% over 
background, although repeated doses were necessary 
to keep up potentially therapeutic levels. 

Lacfoferrin has also been used as taigeting ligand, in 
combination with poly-L-lysine. This protein was seen 
to be better for liver targeting compared to transferrin 
(45) (whose uses are described later). 

An interesting approach to delivering genes to the 
liver tna the insulin receptor was by chemically deriva- 
tising albumin, making it positively charged and com- 
plexing it with the DNA and insulin (46), This complex 
was able to transfect HepG2 cells, but it is difficult to 
com pare this^to other systerns. Insulin was_used to tar- 
get the liver in a more elegant process patented by the 
Medical Research .Council CUK) (1 1 1). In one example 
of the invention, a transcription factor is fused to the 
hormone binding domain of the oestrogen receptor to 
generate a chimeric transcription factor. This is deliv- 
ered to the target cell by an antibody. The polyplex is 
delivered to the same cells by a second antibody of 
different specificity. The DNA in this polyplex con- 
tains the gene (in this case a reporter gene) under the 
control of the transcription faaor delivered by the first 
antibody. When both complexes are inside the target 
cell, gene expression will be active in the presence of 
oestrogen. This results in hormone-responsive gene 
delivery and expression. The use of two antibodies 
ensures that cell targeting is specific, as non-specific 
cells picking up one of the targeting agents will not 
have active gene expression. This idea is very attrac- 
tive and adds another level of specificity, but is yet to 
be backed up with exp>erirnental evidence. 

Gene transfer to the liver using galactosylated 
poly-L-lysine showed impressive gene delivery 
without the need for a pafdal hepatectomy (47,112). 
The faaor DC gene, drif^n by the phosphoenol 
pyruvate carboxy-kinase^(PEPCK) promoter was 
introduced iv, into rats. The size of the complex was 
very small (10 - 12 nm) and resulted in the presence of 
the plasmid DNA episomaily for up to 32 days, and the 
presence of the mRNA and protein for up to 140 days. 
Cjene expression was induced by feeding rats with a 
high protein/carbohydrate-free diet Similariy-sized 
complexes were made using triantennaryoligo- 
saccharides linked to poIy-L-lysine, resulting in high 
levels of gene expression. The high levels of gene 
expression and the impressive time periods for 
expression may be related to the size of the small 
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complexes used compared to the ASOR polyplexes, 
since the same receptor is targeted. Other 
carbohydrate-derived targeting complexes have been 
under study including laaose. Galaaose-Histone 
complexes (231 were 11 -times bener at delivering 
reporter genes than ASOR ligands. 

The a2-macroglobulin receptor/low-density lipopro- 
tein receptor complex binds and endocytose a wide 
range of proteins, some of them as a complex with 
a2-macroglobulin. The a2-macroglobulin receptor is 
a large complex predominandy expressed on normal 
liver, sniooth muscle cells, neurones and fibroblasts. 
This receptor was the subjea of eariy studies and sub- 
sequent work has shown that the reporter gene, lu- 
ciferase can be delivered and expressed in these cells 
by an a2-macroglobuUn- poly-L-lysine complex [481. 
The wide range of ligands taken up by this receptor 
make this an attractive target for the delivery of a 'coc- 
ktail* of genes, each complexed to a different ligand. 

Another receptor complex targeted for gene delivery 
was the serine protease inhibitor (serpin) enzyme 
complex receptor (SEGR) (491. This receptor binds to 
conserved sequences on al -antitrypsin and other ser- 
pins. A p>eptide based on this conserved sequence 
was used as a targeting ligand for poly-L-lysine conju- 
gates which resulted in small (18 - 25 nm) complexes. 
Good levels of gene expression were achieved cells 
that express the receptor at high levels, such as the 
liver cells HepG2 and HuH7. 

Ding etai. 150] reported that the malarial circumsporo- 
zoite protein (that covers the surface of the sporozoite 
form of the parasite), binds specifically to hepato- 
cytes. Recombinant forms of this ligand have been 
chemically linked to poIy-L-lysine to produce a gene 
delivery vector. Gene expression via this route is 
lower than the levels seen with the other methods, but 
is increased in the presence of adenovirus particles. 
C^ne delivery to other cell-lines such as HeLa, 
N1H3T3 and K562 was also shown, suggesting a yet 
undiscovered receptor is being utilised. 

Particles, which more closely resemble viruses, such 
. as ligand-targeted liposomes, are being studied. 
These include asialofetuin-labelled lif>osomes (51), ga- 
laaosylated lipopolyamines (521 and recoristituted 
sendai virTJses (531- These all have liver-cell specificity. 
Transfection is more efficient than with untargeied 
liposomes, but the inclusion of NLS sequences or fu- 
sogenic peptides does not having a potentiating effea 
151). 



3^ Gene delivery t tumour cells 

The transferrin receptor is expressed on many endo- 
thelial cell types but is highly elevated oh some tu- 
mours, including gliomas and haematopoietic 
tumours. Many of the early gene delivery experiments 
were carried out targeting the transferrin receptor, 
which has been a widely studied receptor for the de- 
livery of many agents. Gene transfer to K562 haemato- 
poietic leukaemic cells was achieved with a 
transferrin-polycation (poIy-L-lysine or protamine) 
conjugate (54,1041. This work pioneered many new 
concepts, including the use of virally-derived fuso- 
genic peptides as an alternative to whole adenoviral 
particles (33). It was shown that the haemagluttinin- 
derived peptide from influe:nza virus was able to in- 
crease gene expression levels 10^ - 10^ times (38], 
These 'fusogenic' peptides form membrane- 
disrupting helices under add pH conditions, promot- 
ing endosomal lysis and gene delivery. However, only 
10% transfection rates were seen, compared to the 
90% seen with whole adenovirus. Also, these peptides 
seemed to be more toxic than adenovirus. 

Delivery of genes via the transferrin receptor became 
known as 'transferrinfection*. Transferrinfection of 

. melanoma ceils with the gene for interleukin-2 re- 
sulted in a successful tumour vaccine which proteaed 
the animals from further tumour challenges 155,1 131- A 
variation on the transferrin theme by Schoeman et al, 
156] was to use the high affinity binding molecule 
streptavidin to cross-link the ligand-targeted cells with 
the condensed DNA complex (Figure 2). Biotinylaied 

, transferrin was used to target the cells, followed by the 
addition of biotinylated poly-L-lysine/DNA. The 
poly-L-lysine had 70 residues per chain and the trans- 
ferrin had 1-2 biotins per molecule. Gene expression 
levels were significant, but the number of cells trans- 
fected was not described. This method wais about 
100-times more effective than avidin-poly-L-Iysine 
combined with biotinylated transferrin. Other high af- 
finity pairs of molecules have been suggested in a pat- 
ent to link cell targeting ligands to DNA carrier. These 
include enzymes/peptide inhibitors and antibod- 
ies/antigens (114). 

Neuroblsatoma cells have been found to express a 
190 kDa cell surface glycoprotein, which is picked up 
by the monoclonal antibody chCE7. A poly-L-Lysine 
conjugate of this antibody was able to deliver lucife- 
rase genes at a transfection rate of 1 - 5%, about 2-fold 
lower than liposomes, but with 105-fold higher levels 
of expression (571. To increase the levels of gene 
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Fignre2:Avi(linorstreptavidinhasbeenusedt link the DN A 
canying clement of gene transfer complexes t th taigeting 
element This caii be done directly, where the ligand is 
biotinylatcd and cross-links to the DN A complex, or indirectly, 
where both components are biotinylated and arc bridged by 
strcptavidin. Stcric constraints suggest thai the latter may be 
more effective for gene delivery. 

A (Strept)avidin-linked poty-L-lysine/ 
ONA complex 



V 





Biotinylated transferrin 



(Strept)avkiin bridge 



poly-L-lysine/ 
DNA complex 




Biotinylated transferrin 



Biotin 



expression using the liposomes, toxic levels of cati- 
onic liposomes would have to be administered, 
whereas poly-L-lysine conjugates are non-toxic. The 
interferon-Y gene was tested as a more biologically 
relevant gene and it was found that HLA expression 
increased to higher levels than would have been 
achieved if 1000 lU/ml of pure exogenous IFN-y was 
applied. Thus, taigeted gene expression of IFN-y 
proved much more effective and resulted in cytotoxic 
T-cell responses in vitro. 

The normal liver expresses the epidermal growth fac- 
tor receptor (EGF-R), but this receptor is highly ele- 
vated in many squamous cell carcinomas including 
breast and lung. The monoclonal antibody B4G7, 
which is internalised by EGF-R, was used successfully 
to deUver the CAT (chloramphenocol acetyl transfe- 
rase) gene to tumour ceUs [58.1151. Further work 
showed that this system was able to deliver a suicide 
gene, herpes simplex virus thymidine kinase (59). The 
transfeaed cells were lO-Umes more suscepUble to 



the prodrug, gancydovir, which resulted in 70% cell- 
killing, but these results are still a long way behind 
those achieved by viral delivery of prodrug-activating 
enzymes CVDEPT) (reviewed in (60D. 

The natural ligand, EOF, has been used in a 
streptavidin-poIy-L-lysine/biotinylaied EOF system 
deliver the P-galaaosidase gene aided by replication- 
defective adenovinjs [6l,ll6J. A four-fold impix>ve- 
ment was seen in the presence of chemically linked 
replication defective adenovirus, with 14 - 99% cell 
transfection rates observed. Whether the proliferative 
effects of the EOF had any role in the transfection rates 
is not known, but this type of approach is promising 
for the delivery of p53 or k-ras gene to con-ea some 
lung cancers. 

EGF-labelled liposomes have been used as an alterna- 
tive to poly-L-lysine as the DNA carrying agent [62]' 
These taigeted liposomes give only a 2-fold increase 
in the level of gene expression compared to non- 
taigeted liposomes, in vitro, with high transfection 
rates (6 - 8%). However, how liposomes will behave 
in vivo needs to be addressed, 

Fominaya and Wels suggested that, in general, effec- 
tive gene delivery veaors would require about 10^ - 
10 adenoviral particles per target cell, or 10 - 100 
fusogenic peptide, 50 - 100 nM chloroquine and a nu- 
clear localisation sequence (usually sufficed by poly- 
L-lysine). An ingenious extension to their immuno- 
toxin research (28,1171 was to replace the catalytic do- 
main of P5€«<iomonas exotoxin A immunoioxins with 
the DNA binding domain of the Gal 4 transcription 
faaor (from yeast), Therefore, instead of delivering a 
toxin to the target cells, a gene could be delivered by 
the same route. The cell binding domain remains the 
recombinant single-chain Fv fragment against the 
erbB2 receptor, the immunotoxin's translocation do- 
main can substitute for the adenovirus particles and 
the Gal 4 domain contains the DNA binding/NLS mo- 
tifs OFigure 3). The Gal 4 fragprtient does not have as 
high a capacity for DNA as p6ly-L-lysine, as it binds 
through a sequence-specific zinc fmger interacUon 
rather than the non-specific electrostadc interactions 
of the latter Any remaining negative charge was com- 
pensated by additional poly-L-lysine. Like the Pseudo- 
monas-d^nv^d immunotoxins, these 'all-in-one* 
molecules express to high levels in E. coli and a high 
yield of recombinant produa can be recovered. The 
added attraction of this system is that the amount and 
type of DNA which is bound in the complex can be 
controlled by the number of repeats of the Gal 4 
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Variable-heavy domain Pseudomonas exotoxin A Gal4 DNA binding 
translocation domain domain (2-1 47) 
(252-366) 



DetectiorV 
purification tag 



Linker 




I Cell recognition 



Variable-light domain 

Translocation \ 



signa^ 
hKDEL 

poly-L-lysine 



DNA-bindIng | 



recognition sequence. The more repeats, the more 
protein can bind to the same plasmid molecule. This 
may provide a way of conuolling the kinetics of plas- 
mid uptake. The Gal 4-DNA interaction is highly spe- 
cific and of high affinity, possibly stabilising the DNA 
on route to the nucleus. Cos-1 cells were successfully 
transfected with this complex. 

The ErbB2 (Her 2) receptor is restricted more to tu- 
mours than the EGF-R, and has been the subject of tar- 
geting with a humanised antibody 
(rhumAbHer2)-poly-L-lysine conjugate 1631. Gene de- 
livery was almost 2(X)-fold higher than with an irrele- 
vant antibody. An N1H3T3 cell line transfeaed with 
the receptor as well as carcinomas were able to take 
up the gene specifically. 

Glycoproteins of the mucin family, have been studied 
as targets. The Tn cryptantigen, which is expressed in 
cancers, haematopoietic disorders and on the HIV vi- 
rus coat glycoprotein, is expressed in the model *Ju- 
rkaf cell- line. This is due to a defect in the 
Tn-processing galaaosyl-transferase. Gene delivery 
through this receptor has been accomplished using 
the 1E3 monoclonal antibody linked to poly-L-lysine 
[64]. Adenoviral particles increased transfection effi- 
ciency to 60%. Treatment of the cell with sialidase 
(which removes sialic acid and exposes more Tn anti- 
gen) increased gene delivery levels; competing Gal- 
NAc reduced gene expression. The transferrin 
receptor is also expressed on this cell-line and a direa 
comparison showed the Tn-antigen mediated system 
to be better. There is a 10-fold higher level of Tn anti- 
gen on Jurkat cells compared to transferrin, but gene 
delivery was 40-fold higher. However, the presence of 
multiple epitopes on a single Tn-protein may account 
for the better targeting; 



Figure 3: The modular assembly of 
recombinant gene transfer molecules 
was dem nstraled by Fominaya and » 
Wets [28,1 17J. Here, the cell { 
EndOplasmid recognition domain is a single-chain 
reticulum retention antibody, linked to a translocation from 
Pseudomonas exotoxin A and a 
DNA-binding domain from the Gal4 
transcription factor. The 'KDEL* j 
tetrapeptide sequence promotes 
retention of the complex in the 
endoplasmic reticulum, reducing the 
amount of protein lost to lysosomal 
degradation and targeting it to the 
compartment it translocated from, by 
retrograde trafficking. 

Anti-idiotypic antibodies represent one of the few true 
tumour-specific antibodies, with successful examples 
of their targeting evident in cancer immunotherapy. A 
natural development to this was to use these receptors 
as taigets for gene delivery to B-cell lymphomas (65). 
Poly-L-lysine conjugates of anti-idiotypic antibodies 
show highly specific gene delivery. 

Various lectins have been tested as possible ligands 
for RME endocytosis of DNA by tumour cells via the 
cell surface. Concavalin A was found to work well 
when biotinylated, and linked to the poly-L-lysine 
conjugated aniibiotin antibody [661. Receptors for 
these lectins are over-expressed on many cancers 
such as Lewis lung carcinomas. 

Small molecules can also be taken up by cellular re- 
ceptors by a process called 'pinocytosis'. Folate recep- 
tors are often over-expressed on ovarian tumour cells 
and folate-labelled Uposomes carrying poly-L-lysine 
condensed DNA have been successful in delivering 
genes [67] and antisense oligonucleotides 1681 to the 
tumour cells. These complexes are relaUvely smaU for 
liposomes, 74 nm in diameter. Antisense EGF-R oligo- 
nucleotides were able to inhibit EGF-receptor expres- 
sion in these cells and cause a 90% reduction in cell 
growth, suggesting that Significant amounts of oligo- 
nucleotide DNA can be delivered by this route. 

33 Gene delivery to lymphocytes 

The CD3 receptor is expressed on 95% of T-cells at a 
level of about 10 - 40.000 molecules per cell. Its auto- 
genic binding results in a rapid rate of endocytosis: 
420.000 molecules over a period of 24 h. Antibodies 
(OKT3, WT32 and UCHT-1) against the CD3 mole- 
cule, conjugated to poly-L-lysine were used to deliver 
a CMVKlriven ludferase gene to T-cells (39) in the 
SPET/AVET system. Up 50% transfection rates were 
seen in Jurkat cells, increasing in the presence of 
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chloroquine and membrane-active peptides (10- to 
lOO-fold). In vivo, 1000 - 2000 units of interieukin-2 
were expressed from transfeaed Jurkat cells, which 
peaked at 24 h. Peripheral blood lymphocytes were 
iiansfected at a lower rate (5%). 

A study compared the effectiveness of gene delivery 
to lymphoid cells via the CD3. CD34 and surface im- 
munoglobulin receptors, using monoclonal antibod- 
ies in a technique called 'antifection' [29J. Although 
the transferrin receptor is prevalent on lymphoid cells, 
delivery by this route compared to these other recep- 
tors is about 1000-fold less effective. In this system, 
there is no DNA condensing agent as the plasmid 
molecule is directly coupled to the antibody. In vitro 
transfeciion results were not as good as conventional 
approaches, with 0. 1% transfection rates at best. How- 
ever, in vivo on spleenocytes. impressive 1 - 7% trans- 
feaion rates were seen as deteaed by P-galactosidase 
expression and neomycin resistance. This compared 
well to the poly-L-lysine mediated system above [391. 
There was no discussion about the size of these com- 
plexes or the subility of the DNA. A high affinity an- 
tiCD5 antibody (TlOl) has also been used, linked to 
po!y-L-lysine to deliver a reporter gene to lympho- 
cytes (69)- 

Steel faaor is peptide ligand, which binds to the c-kit 
receptor on primitive haematopoietic stem cells. 
Strepuvidin-conjugated poly-L-lysine/DNA complex 
was targeted to cells by biotinylated steel faaor 170). 
After 2 h incubation, the maximal transfection effi- 
ciency approached 90% with maximal gene expres- 
sion after 30 h. The gene expression was improved 
almost 10-fold by the addition of adenovirus to pro- 
mote DNA endosomal escape. In this example, the 
strategy allowed the mixing of any biotinylated ligand 
to the DNA complex to deliver genes to a wider range 
of cells. Transferrin was used to illustrate this. The 
high efficiency of gene delivery could be used for the 
purging of bone marrow ex vivo by the delivery of sui- 
cide genes. 

Gene delivery directly through the CD3 receptor has 
been shown to result in low levels of expression at- 
tributed to the induction of TNFa-mediated apoptosis, 
caused by binding the CD3 receptor (711. It was shown 
that this effect could be counter-aaed by the inclusion 
of anti-TNFa-antibodies during transfection, resulting 
in increased proliferation rates *of transfected 
lymphocytes. 

Bispedfic antibodies (bsAbs) present an alternative 
way to deliver genes to lymphocytes. This is 



; — — r-i ~ l><&onarala 6j 

exemplified by the use of an anUCD3/anU.FLAG bsAb 
to target FIAG-pepUde bearing adenovirus to 
expressmg cells f72). However; this is sUil re-<iirectS^ 
of mfecuous virus. ^^wn 

In a study to fmd alternative ways to deliver toxins 
without the problems of toxin immunpgenidtv Ch^ 
ai m extended the ligand-otioTflilylx ,e 
search area into the area of recombinaniftision pro- 
tein construction. Thev crenr^H ^ , 
anUTO) against l^t^,!::::^ 
ftised to the human DNA binding protein protfLe! 
Recombmant fusions have the advantages of being a 
homogeneous species of purified molecule, whfch 
can be rauonaUy designed using the tools of protein 
engmeenng. This completely human-derived fusion 
protem polyplex was able to deliver the gene for a 
toxin. Pseudomonas exotoxin A. resulting in cell- 
targeted cytotoxicity. Highly cationic polypeptides are 
notonously difficult to produce recombinandy mak- 
ing recombinant production of such gene therapy 
veaors troublesome, although Uic advantages are 
attractive. ° 

Lymphocytes can also be targeted by interleukin-2 as 
has been seen in tumour targeting. Gene delivery 'fu- 
sion proteins (GDFPs) based on lL-2 and Gal4 (J the 
DNA binding domain) have been patented and shown 
to localise plasmid DNA to cell.s. hu, no expression 
was reported [1181 

3.4 Gene delivery to macrophages 
Alveolar macrophages play a rolo in lung homeostasis 
and pathogenesis of disea.so. Cogna.o polyclonal anti- 
bodies have been produced aKain.s. ,ho Fc-receptor of 
*ese ceUs and used chemically conjugated to a 30 
kDa poly-L-lysine chain 1731. Gene expression in puri- 
fied alveolar macrophages of P-galactosidase vlL 5- 
times that of the background and increased further in 
the presence of chloroquine. Gene delivery was spe- 
cific as it was competed by umtonjugated antibody 
and did not transfea Fc-R-nt^atlvc cells. 

Peripheral blood macrophage.^ po,s.so.s.s mannose re- 
ceptors which have also been tan^otcd for gene deliv- 
ery 174J. Mannosylated poly-L-ly.si.u. was the deliveiv 
veaor and expression was shon-livcd. peaking at 4 
days and dymg out 16 days. Uxprcssion was con- 
firmed to be confined to macrophages as the localisa- 
tion of non-specific e.stcra.se enzyme marker 
correlated with gene expression. Ihc DNA com- 
plexed was well-neutnili.scd with alxnit a 1 0 9 ratio of 
DNArpoly-L-lysine. The chain length was about 100 
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Table 2: Some examples of piomotersithat could be tised in conjunction wtth targeted gene deliveiyt and the diseases which are 
suitab! >-■•' * **• • * /-^t.;- * . ■ • ■^^.r;^- 



Disease/tissue 



Gene 



Prom tcr. 



Insulin-dependent diabetes 
mellitus/pancreas P-cells 

Hepatoma/liver A- H . ; 

>**- ,-'P/ ' 

Metabolic diseases/liver ; ■ 
. Muscular dystrophy/muscle 
Lymphomas/B -ceils . 
Cancer/breast 



Insulin 



'ii^drvii^piSiil 

f^Dystrophin t^.. 



Melanbina/melanocyte^^ 



"CTytotoxic 
•jlCytotoxic 

V/\-^'Cytoto]uc, .^^ . 




Insulin promoter 

jptrFctoprDteiifi ^. 
Albumin 
a-Actin .:r^-- 

Iirnnunoglobulia hcayy-chain 



: C616recta;cancci^/GI tikt-^^ 



residues with about 1% being glycosylated. Electron 
microscopy showed the whole complex to be a fa- 
vourably small 10 - 20 nm in diameter. Such veaors 
could be used to treat reiiculo-endothelial storage dis- 
eases such as Gaucher's disease. 

Antisense oligonucleotides have also been delivered 
by this route [75)» with the ablation of TNF-specific 
mRNA. This adds support to the view that this method 
may be able to achieve significant levels of delivered 
oligonucleotide. 

3^ Gene delivery to epithelial cells 

Respiratory epithelial cells express the polymeric im- 
munoglobulin receptor (secretory component) which 
is involved in transporting antibodies across mucosal 
layers. An antibody (Fab)-poly-L-Iysine complex was 
used to deliver genes to epithelial cells in vitro (761 
and in vivoWV Injeaion of the complex into rats re- 
sulted in high levels of gene expression in the surface 
epithelium and submucosal glands of the lung and 
with some expression in the liver, demonstrating ex- 
cellent targeting. The level of expression lowered 
upon multiple injeaions due to the illicitation of an- 
tirabbit antibodies [781. The important findings were 
that there were no anticomplex or anti-DNA antibod- 
ies raised in response to the treatment. There was no 
aaivation of complement, although it is thought that 
free poly-L-lysine can activate complement by the 



,-^,Caranoeinb^onic<aintigei^xt^^^^^ 



a 



alternative pathway. Airway epithelial cells represent 
a good target for gene delivery as transfection efficien- 
cies in the region of 10% may be enough to relieve the 
symptoms cause by cystic fibrosis disease (79). 

The gastrointestinal (GI) epitheliurn is an important 
target in terms of absorption/secretion and digestive 
disorders and malignancies. The transferrin receptor 
can be used to deliver genes to GI epithelial cells and 
colon carcinoma cells (80). High levels of expression 
of the serum protein tti-anti-trypsin were achieved, 
opening up the possibilities of correcting acquired se- 
rum protein deficiencies by this route as well as the 
liver. 

Lectins can also be used to urget epithelial cells as 
well as tumour cellsf. Concavalin A linked to histone 
proteins have shown .the most promising results by 
this route (811. The natural affinity of adenovirus for 
epithelial cells has been exploited in the use of the vi- 
rus fibre and pentone coat proteins as targeting/fuso- 
genic proteins (82]. 

Epithelial cells are specifically bound by the invasin 
protein produced by some pathogenic baaeria as part 
of their infection process, Invasin has been used as a 
targeting ligand in conjunction with the Gal4 DNA 
binding protein to achieve specific reporter gene ex- 
pression (831. In another example of pathogen- 
derived targeted vehicles, the cholera toxin, which is 
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composed of a AB5 hexamer, has been used to deliver 
DNA to the gastric epithelial cells normally attacked 
by the toxin itself. The cell binding domain (B 
subunit) which targets the GMl glycolipid receptor on 
mucosal epiihelia. was linked to poIy-L-lysine as used 
to deliver functional cystic fibrosis gene mRNA, reduc- 
ing cystic fibrosis symptoms (106). 

3.6 Gene delivery to other cell types 

A variety of ligands were screened for most effective 
binding to myogenic cells. Transferrin was seleaed 
and used to deliver genes to these cells opening up 
the possibility of targeting a correction for Duchenne 
muscular dystrophy (84). 

Tissue-spedfic lung gene delivery to lung endothelial 
cells has been achieved using a monoclonal 
antibody-poly-L-lysine conjugate. The aiitibody rec- 
ognised the cell surface thrombomodulin (85J 

Integrin research is expanding rapidly as they are 
found to be involved in a great many cell-cell interac- 
tions. These are particularly embryogenesis, tumour 
metastasis, wound healing and T-cell function. Cyclic 
peptides containing an integrin recognition sequence 
'Aiginine-Glydne-Aspartate' (RGD) has been used, 
fused to a poly-L-lysine chain (86,87,1171^ The entire 
targeting construa was chemically synthesised, mak- 
ing this a simple molecule to make and develop. High 
levels of gene expression were seen in a variety of cell 
lines bearing the receptor. 

A general cell targeting construa was created by fus- 
ing the immunoglobulin-binding domain of protein A 
to the coat protein of sindbis virus (881. Cell targeting is 
achieved by incubating the chimeric virus with a cell- 
specific monoclonal antibody. This allows cell speci- 
ficity to be altered easily by changing the antibody. 

4. Conclusions 

Presently, this approach to gene delivery is much less 
efficient than viral gene delivery. However, under op- 
timal conditions, enough gene product may be pro- 
duced to give a therapeutic benefit (e.g., suppress a 
phenotype or destroy a tumour). With current tech- 
nologies, it is very likely that multiple doses will be 
needed to maintain adequate expression levels. If the 
complexes are not immunogenic (i.e., human pro- 
teins used), this may be a viable option, perhaps more 
desirable in that a controllable, safer treatment modal- 
ity is achieved. Therefore, the potential drawbacks are 



compensated by the significandy lower risk levels as- 
sociated with this method. 

It is difficult to compare the efficiency of different 
gene delivery systems, especially between those that 
target different receptors as each delivery route is dif- 
ferent. Different ref>orter genes are used and groups 
using the same gene, e.g., luciferase, describe differ- 
ent ways of presenting the results. Nevertheless, one 
can get an idea of how good a system is by measuring 
the time of gene expression, the percentage of cells 
transfeaed and, ultimately, the curative effects in an 
animal model in vivo. Although better targeted, by 
these measurements, they lag behind viral methods. 

However, the practically unlimited size restraints on 
the size of DNA deliverable by these receptor- 
mediated polyplexes can give these systems a major 
advantage over viral taigeting. Genes for large pro- 
teins, se^s of genes or genes with complex regulatory 
sequences could easily be accommodated. The ex- 
pression of integrated genes tends to be higher for 
those that contain the correa intron structure to allow 
proper processing. This is true for transgenic animal 
gene expression (89). 

This is certainly a growth area in gene therapy. Many 
of the targeting constructs are similar in basic structure 
(ligand-polylysine/polycation-adenovirus/fusogenic 
peptide), which has been demonstrated to be very ef- 
fective. Many of the patents in this area describe the 
novel invention (e.g., a specific ligand or coupling 
method), followed by a description of general appli- 
cability. Therefore there seems to be a large degree of 
overlap between patents. 

Research into tissue-specific targeting of tissues such 
as the liver, bone marrow stem cells and macrophages 
is well advanced, with good prospects for clinical test- 
ing. Tumour targeting of genes is also progressing 
well, basically following the same lines of receptor tar- 
gets as previous immunotoxiQ research. Genetic de- 
livery of toxins to tumours iBiay prove to be more 
effective than immunotoxins. 

5. Expert opinion 

Gene delivery by ligand targeted receptor-mediated 
endocytosis of polyplexes should find its way into 
some main line gene therapy treatment schemes by 
virtue of its superior specificity, lower risk and re- 
duced size limitations. However, in order to achieve 
the levels of gene transfection and expression seen 
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with retroviral veaors, further advances need to be 
made in fields such as mammalian artificial chromo- 
somes (90). Potentially, once genes are specifically de- 
livered, they may be maintained for long periods of 
time in a way analogous to baaerial plasmids or artifi- 
cial chromosomes (BACs) or yeast artificial chromo- 
somes CYACs) 

The powerful combination of cell-specific targeting 
via receptors and promoter specificity may allow an 
even higher degree of specificity resulting in 'super- 
-spedfic targeting* of genes to cells with very little 
non-targeted expression. For example, the targeting 
of genes to the liver uia the asialoglycoprotein can be 
combined with the use of the liver-associated albumin 
promoter, or the genes delivered to tumour cells 
through the erbB2 receptor may be placed under the 
Transcnptidrial control of the erbB2 promoter. There is 
already evidence of diis approach being used (421, but 
there are many more possible tissue or tumour spe- 
cific promoters which could be utilised in this way 
(Table 2). 

Library selection techniques such as phage display 
will ultimately yield new tissue or tumour-specific an- 
tigens to expand the options available for cell target- 
ing. Organ-specific peptides have been isolated using 
elegant cell-selection strategies [911 or in vivo panning 
1921. The more ligands we have at our disposal, the 
better options we will have for specific targeting. 
Combinations of specificities may overcome antigen 
heterogeneity problems. 

Finally, advances in heterologous gene expression 
systems will also expand the options available in the 
construction of such delivery veaors. Hie ability to 
produce highly basic proteins, which are notoriously 
difficult to express recombinantly at high levels, com- 
bined with protein engineering and rational design 
will provide the researcher with more advanced tools 
for constructing effective gene delivery agents, such 
as those which are aaivated to bind tumours when 
processed by tumour-derived matrix metalloprote- 
inases (as seen for recent reuovirus constructs) (931. 
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In princlpl0f gene therapy Is simple: putting corrective genetic material 
Into cells alleviates the symptoms of disease. In practice, considerable 
bstacles have emerged. But, thanks to better delivery systems, there 
Is hope that the technique win succeed. 



could considerably benefit patients with 
neurological disease. And finally, we can 
consider the transfer of genes to a handful of 
stem (or progenitor) cells, which grow and 
divide t generate millions of progeny. The 
range in the number of cells that this technol* 
ogy has to cover is vast. 

The Achilles heel of gene therapy is gene 
delivery, and this is the aspect that we will 
concentrate on here. Thus far, the problem 
has been an inability to deliver genes efTi- 

" ' ~ — ciently and to obtain sustained expression. 

~ „ There arc two categories of delivery vehicle 

(*vcctor*). The first comprises the non-viral 
vectors, ranging from direct injection of 
DNA to mixing the DNA with polyiysine or 
cationic lipids that allow the gene to cross 
the cell membrane. Most of these approaches 
suffer from poor efficiency of delivery and 
transient expression of the gene*. Although 
there are reagents that increase the efficiency 
of delivery, transient expression of the 
transgene is a conceptual hurdle that needs 
to be addressed. 

Most of the current gene-therapy 
approaches make use of the second category 
— viral vectors. Importantly, the viruses 
used have all been disabled of any pathogenic 
effects. The use of viruses is a powerful tech- 
nique, because many of them have evolved a 
specific machinery to deliver DNA lo cells. 
However, humans have an immune system 
to fight off the virus, and our attempts to 
deliver genes in viral vectors have been 
confronted by these host responses. ► 



In 1990» the first clinical trials for gene- 
therapy approaches to combat disease 
were carried out Conceptually, the tech- 
nique involves identifying appropriate DNA 
sequences and cell types, then developing 
suitable ways in which to get enough of 
the DNA into these cells. With efficient deliv- 
ery, the therapeutic prospects range from 
tackling genetic diseases and slowing the 
progression of tumours, to fighting viral 
infections and stopping neurodegenerative 
diseases. But the problems — such as the lack 
of efficient delivery systems, lackofsustained 
expression, and host immune reactions — 
remai n formidable challenges. 

Although more than 200 clinical trials 
are currently underway worldwide, with 
hundreds of patients enrolled, there is still no 
single outcome that we can point lo as a suc- 
cess story. To explore why this is the case, we 
will use our own experience and other exam- 
ples to look at the many technical, logistical 
and, in some cases, conceptual hurdles that 
need to be overcome before gene therapy 
becomes routine practice in medicine. 

At present, gene therapy is being 
contemplated only on somatic (essentially, 
non-reproductive) cells. Ahhough many 
somatic tissues can receive therapeutic 
DNA, the choice of cell usually depends on 
the nature of the disease. Sometimes a clear 
definition of the target cell is needed. For 
example, the gene that is defective in cystic 
fibrosis has been identified, and clinical 
trials to deliver DNA as an aerosol into the 
lung have already begun*. Although cystic 
fibrosis is manifest in this organ, it is still not 
clear that delivery of a correcting gene by 
this method will reach the right type of cell, 
i On the other hand, to correct blood-clot- 
ting disorders such as haemophilia, all that 
is needed is a therapeutic level of clotting 
protein in the plasma'. This protein may be 
supplied by muscle or liver cells, fibroblasts, 
or e\'en blood cells '' \ The choice of tissue in 
which to express the therapeutic protein 
will also ultimately depend on considera- 
tions such as the efficiency of gene deliv- 
ery, protein modifications, immunological 



status, accessibility and economics. 

We also need to consider how much of the 
therapeutic protein should be delivered. In 
haemophilia B, which is caused by a deficien- 
cy of a blood-clotting protein called factor 
IX. giving patients just 5% of the normal cir- 
culating levels of this protein can substan- 
tially improve their quality oflife*. Most peo- 
ple have about 5 p.g of factor IX per miUilitre 
of plasma, produced by the lO" cells that 
make up the liver. So we need to deliver a 
correcting gene to 5 X 10" cells — that is. 
5% of liver cells. Alternatively, fewer liver 
cells would need to be modified if more fac- 
tor IX could be produced per cell, without 
being deleterious. In the brain, however, 
gene transfer to just a few hundred cells 
Efil^ncer-pforrKjt^ 



Figure 1 To create the retroviral vectors that are used in gene therapy, the tife-cydes of thrir 
naturally occurring counterparts are exploited, a. The transgene (in this case, the gene for factor IX) 
in a vector backbone is put into a packaging cell, which expresses the genes that arc required for viral 
integration (jfo^, pol and env). b, The transgene is incorporated into the nucleus, where it is 
transcribed to make vector RNA This b then packaged into the retroviral vector, which b shed from 
the packaging celt c, The vector is delivered to the Urgct cell by infection. The membrane of the viral 
vector fuses with the target cell, allowing the vector RNA to enter, d. The vtrally encoded enrymc 
reverse transcriptase converts the vector RNA into an RNA-DNA hybrid, and then into double- 
stranded DNA. e. The vector DNA is integrated into the host genome, then the host-cell machinery 
will transcribe and translate it to make RNA and, in this case, factor IX protein. 
LTR, long terminal repeat; ^i. packaging sequence. 
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RetrovtraJ vectors 

Reiroviruscs arc a group of viruses whose 
RNA genome is converted to DNA in the 
infected cell. The genome comprises three 
genes termed gog, pol and etn\ which are 
flanked by elements called long lerminaJ 
repeats (LTRs). These are required for inte- 
gration into the host genome, and they define 
the beginning and end of the viral genome. 
The LTRs also serve as enhancer-promoter 
sequerKes — that is» they control expression 
of the viral genes. The final element of the 
genome, called the packaging sequence (^^), 
allows the viral RNA to be dist inguished from 
other RNAs in thecelKFig. I)'. 

By manipulating the viral genome, viral 
genes can be replaced with t ransgenes — such 
as the gene for factor IX (Table I). Tran- 
scription of the transgene may be under 
the control of viral LTRs or, alternatively, 
enhancer-promoter elements can be engi- 
neered in with the transgene. The chimaeric 
genome is then introduced into a packaging 
cell, which produces all of the viral proteins 
(such as the products of the gog. pol and env 
genes), but these have been separated from 
the LTRs and the packaging sequence. So. 
only the chimaeric viral genomes are assem- 
bled to generate a retroviral vector. The cul- 
ture medium in which these packaging ceils 
have been grown is then applied to the target 
cells, resulting in transfer of the transgene. 
Typically, a million target cells on a culture 
dish can be infected with on* millilitre of the 
viral soup. 

A critical limitation of retroviral vectors 
is their inability to infect non-dividing cells*, 
such as those that make up muscle, brain, 
lung and liver tissue. So, when possible, the 
cells from the target tissue are removed, 
Table-i \ .CahnOifatt dl»<^» |pr ggno thfWf 



grown III vitro, and infected with the recom- 
binant retroviral vector. The target c?Ds pro- 
ducing the foreign protein arc then trans- 
planted back into the animal. This procedure 
has been termed 'cx vivo gene therapy* and 
our group has used it to infect mouse pri- 
mary fibroblasts or myoblasts (connective- 
tissue and muscle precursors, respectively) 
with retroviral vectors producing the factor 
IX protein. But within five to seven days of 
transplanting the infected cells back into 
mice, expression of factor IX is shut off'*^ ". 
This transcriptional shut-off has even been 
observed in mice lacking a functional 
immune system (nude mice), and it cannot 
be due to cell loss or gene deletion^ because 
the transplanted cells cah be recovered. 

What is the mechanism of this unexpect- 
ed but intriguing problem? We do not yet 
know, but the exceptions may provide some 
clues. To obtain sustained expression in 
mouse muscle following ihc transplantation 
of infected myoblasts, we used the muscle 
creatine kinase enhancer-promoter to con- 
trol transcription of the transgene. Unfortu- 
nately, this is a weak promoter, and only low 
levels of protein were produced. So, we 
generated a chimaeric vector in which the 
muscle creatine kinase enhancer was linked 
to a strong promoter from cytomegalovirus. 
Using this vector, sustained and high levels of 
factor IX were expressed when the infected 
myoblasts were transplanted back into 
mice. Remarkably, these expression levels 
remained unchanged for more than two 
years (the life of the animal). So we can 
override the 'off switch* and achieve higher 
levels of expression by using an appropriate 
enhancer-promoter combination. But the 
search for such combinations is a case 
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of trial and error for a given type of cell. 

Another formidable challenge to the ex 
vivo approach is the efficiency of transplan- 
tation of the infected cells. Attempts to 
repeat the long-term myoblast transplanta- 
tion in haemophiliac dogs led to only short- 
term expression, because the infected dog 
myoblasts could not fuse with the muscle 
fibres. So perhaps successful animal models 
will prove inadequate when the same proto- 
cols are extended to humans. Moreover, 
these models are based on inbred animals — 
the outbrcd human population, with indi- 
vidual variation, will add yet another degree 
of complexity. The haematopoietic (blood- 
producing) system may offer an advantage 
for ex vivo gene therapy beca use rest ing stem 
cells can be stimulated to divide in %'itro 
using growth factors and the transplanta- 
tion technology is well established. But there 
is still a lack of good enhancer-promoter 
combinations that allow sustained produc- 
tion of high levels of protein in these cells. 

Another problem is the possibility of 
random integration of vector DNA into the 
host chromosome. This could lead to activa- 
tion of oncogenes or inactivation of tumour- 
suppressor genes. Although the theoretical 
probability of such an event is quite low, it is of 
some concern (see section on clinical trials). 

Lentlviral vectors 

Lentivi ruses also belong to the retrovirus 
family, but they can infect both dividing 
and non-dividing cells'**. The best-known 
lentivirus is the human immunodeficiency 
virus (HIV), which has been disabled and 
developed as a vector for in vivo gene 
delivery. Like the simple retroviruses, HIV 
has the three gag, pol and env genes, but it 
also carries genes for six accessory proteins 
termed tat, rev, vpr, vpu, nef and vi/ 

Using the retrovirus vectors as a model, 
lentivirus vectors have been made, with the 
transgene enclosed between the LTRs and a 
packaging sequence*". Some of the accessory 
proteins can be eliminated without affecting 
production of the vector or efficiency of 
infection. The env gene product would 
restrict HIV-based vectors to infecting only 
cells that express a protein called CD4 * so, in 
the vectors, this gene is substituted with env 
sequences from other RNA viruses that have 
a broader infection spectrum (such as glyco- 
protein from the vesicular stomatitis virus). 
These vectors can be produced — albeit on a 
small scale at the moment — at concentra- 
tions of > 1 0* virus particles per ml (rcf. 12). 

When lentivirus vectors arc injected into 
rodent brain, liver, muscle, eye or pancrea- 
tic-islet ceUs, they give sustained expression 
for over six monlJis — the longest time test- 
ed so far*' ". Unlike the prototypical retrovi- 
ral vectors, the expression is not subject to 
*shut off. Little is known about the possible 
immune problems associated with lentiviral 
vectors, but injection of 10^ infectious units 
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docs not elicit the cellular immune response 
at the site of injection. Furthermore, there 
seems to be no potent antibody response. 
So, at present> Icntivira J vectors seem to offer 
an excellent opportunity for in vivo gene 
delivery with sustained expressio n. 

Adenoviral vectors 

The adenoviruses are a family of DNA virus- 
es that can infect both dividing and non- 
dividing cells, causing benign respiratory- 
tract infections in humans**. Their genomes 
contain over a dozen genes, and they do not 
usually integrate into the host DNA. Instead, 
they are replicated as cpisomal (extrachro- 
mosomal) elements in the nucleus of the 
host cell. Replication -deficient adenovirus 
vectors can be generated by replacing the El 
gene — which is essential for viral replica- 
tion — with the gene of interest (for exam- 
ple, that for factor IX) and an enhancer-pro- 
moter element. The recombinant vectors are 
then replicated in cells that express the prod- 
ucts of the El gene, and they can be generat- 
ed in very high concentrations (> J0"-10*' 
adenovirus part icies per ml) ' \ 

Cells infected with recombinant adeno- 
virus can express the therapeutic gene but. 
because essential genes for viral replication 
are deleted, the vector should not replicate. 
These vectors can infect cells in viVo, causing 
them to express very high levels of the trans- 
gene. Unfortunately, this expression lasts for 
only a short lime ( 3- 1 0 days post- i n feet ion ) . 
In contrast to the retroviral vectors, long- 
term expression can be achieved if the 
recombinant adenoviral vectors are intro- 
duced into nude mice, or into mice that 
are given both the adenoviral vector and 
immunosuppressing agents'*. This indicates 
that the immune system is behind the short- 
term expression that is usually obtained 
from adenoviral vectors. '^^Hufii 

The immune reaction is potent, eliciting 
both the cell-killing 'cellular* response and 
the antibody- producing* humoral* response. 
In the cellular response, virally infected cells 
are killed by cytotox ic T lymphocytes""". The 
humoral response results in the generation 
of antibodies to adenoviral proteins, and it 
will prevent any subsequent infection if the 
animal is given a second injection of the 
recombinant adenovirus. Unfortunately for 
gene therapy, most of the human population 
will probably have antibodies to adenovirus 
from previous infection with the naturally 
occurring virus. 

It is possible that the target cell contains 
factors that might trigger the synthesis of 
adenoviral proteins, leading to an immune 
response. To try to get around this problem, 
second-generation adenoxnral vectors were 
developed, in which additional genes that are 
implicated in viral replication were deleted. 
These vectors showed longer-term expres- 
sion, but a decline after 2(M0 days was still 
apparent'*. This idea has now been taken fur- 




ther with the generation of 'gut-less' vectors 
— all of the viral genes are deleted, leaving 
only the elements that define the beginning 
and the end of the genome, and the viral 
packaging sequence. The transgenes carried 
by these viruses were expressed for 84 days". 

There are considerable immunological 
problems to be overcome before adenoviral 
vectors can be used to deliver genes and pro- 
duce sustained expression. The incoming 
adenoviral proteins that package DNA can 
be transported to the cytoplasm where they 
are processed and presented on the cell sur- 
face, tagging the cell as infected for destruc- 
tion by cytotoxic T cells. So adenoviral vec- 
tors are extremely useful if expression of the 
transgene is required for short periods of 
time. One promising approach is to delive r 
large numbers of adenoviral vectors contain - 
i ng genes for enzymes that can ac t ivaleccf l 
ing, or immun omodulatory ge nesT to 
c ancer cells. In thisc ase, ilieu'llUlarTmmunc 
^sponse against^ bfc-^ J^' P''^''''"^J ^jjL 
augm ent tumour killing, f inally, although 
immunosuppressive drugs can extend the 
duration ofexpression, our goal should be to 
manipulate the vector and not the patient. 



Adeno-associated viral vectors 

A relative newcomer to the field, adeno-asso- 
ciated virus (AAV) is a simple, non-patho- 
genic, single-stranded DNA virus. Its two 
genes (cap and rep) are sandwiched between 
inverted terminal repeats that defme the 
beginning and the end of the virus, and con- 
tain the packaging sequence'". The cap gene 
encodes viral capsid (coat) proteins, and the 
rep gene product is involved in viral replica- 
lion and integration. AAV needs additional 
genes to replicate, and these are provided by 
a helper virus (usually adenovirus or herpes 
simplex virus). 

The virus can infect a variety of cell types, 
and — in the presence of the rep gene product 
— the viral DNA can integrate prcferen- 



tially^* into human chromosome 19. To pro- 
duce an AAV vector, the rep and cap genes are 
replaced with a transgene. Up to 10* -10" 
viral particles can be produced per ml, but 
only one in 100- 1. 000 particles is infectious. 
Moreover, preparation of the vector is labori- 
ous and, d ue to the toxic nature of the rep gene 
product and some of the adenoviral helper 
proteins, we currently have no packaging 
cells in which all of the proteins can be stably 
provided. Vector preparations must also be 
carefully separated from any contaminating 
adenovirus, and AAV vectors can accommo- 
date only 3.5-4.0 kilobases of foreign DNA — 
this will exclude larger genes. Finally, we need 
more information about the immunogeni- 
city of the viral proteins, especially given that 
80% of the adult population have circulating 
antibodies to AAV. These considerations 
notwithstanding, AAV vectors containing 
human factor IX complementary DNA have 
been used to infect liver and muscle cells 
in immunocompetent mice. The mice 
produced therapeutic amounts of factor IX 
protein in their blood for over six months^**'^ 
confirming the promise of AAV as an in viva 
gene^therapy vector. 

Other vectors 

Among the other viruses being considered 
and developed, is herpes simplex vims, which 
infects cells of the nervous system" The virus 
contains more than 80 genes, one of which 
{IE3) can be replaced to create the vector. 
Around 10*- 10' viral particles are produced 
per ml, but the residual proteins are toxic to 
the target cell. Additional genes can be delet- 
ed, allowing more than one transgene to be 
included. But if essentially all of the viral 
proteins are deleted (gut-less vectors), only 
around 10" viral particles are produced per 
ml. And, again, many people have an immu- 
nity to components of herpes simplex virus, 
having a] ready been infected at some time. 
Vaccinia-virus-based vectors have also 
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been .exited;; yr^% generating vac- 
ciiics'*. thcSindbisyhd Seoiliki Forest vims 
i< being exploited ;is.4 inn^ible cytoplasmic 
vector^ which does riot inifJgri»t^ >»*o 
nucleus. Although mo>.t of these systems 
produce the foreign protein only transiently, 
ihey add diversity to the .ivailable systems of 
gene transfer (Table 2). 



CMcal trials 

Over half of the 200 clinical trials that have 
been launched in the United Slates involve 
therapeutic approaches to cancer. Nearly 30 
of them involve correction of monogenic 
diseases (Table I) such as cystic fibrosis, a,- 
antitrypsin deficiency and severe combined 
immunodeficiency (SCID). Most of the 
trials are phase I (safety) studies and. by and 
large, the existing delivery systems have no 
major toxicity problems. Moreover, lessons 
can be learned from previous clinical 
trials***^'^ For example, seven years ago two 
. patients were enrolled in a trial to correct 
: deficiencies in adenosine deaminase (ADA, 
■ which leads to severe immunodeficiency). 
; One of the patients improved, and makes 
; 25% of normal ADA in her T cells, five years 
after the last infusion of infected T cells 
(although she is still treated with PEG-ADA; 
bovine adenosine deaminase mixed with 
polyethylene glycol). But in the other 
; patient, the infected T cells could not 
I produce enough of the deficient cnr.yme. 
I The efficacy of gene therapy cannot be 
i evaluated until patients arc completely taken 
j off alternative treatments ( in the above exam- 
i pie, PEC5-ADA). In another trial"', weaning a 
j patient away ft^om PEG-ADA reduced the 
! ability of theTcells to respond in vitro to a chal- 
j lenge by pathogens. Qearly, in these cases the 
retroviral vectors were not optimal, and the 
i nunjbcrofinfectedblood-progenitorcellswas 
i extremely low. However, these trialsdid help to 
: establish the technology for generating dini- 
\ cal-grade recombinant retroviral particles, the 



procedures for infection and transplantation, 
and the protocols for monitoring paiienU and 
analysing data. The disappointing outcome 
probably lies in the inefficient gene-delivery 
system. We need a system in which the vector 
— containing the ADA gene — is efficiently 
delivered to progenitor cells, leading to sus- 
tained expression of high levels of the ADA 
protein. But, encouragingly, despite being 
repeatedly injected with highly concentrated 
recombinant viruses, the patients have 
suffered no untov»rard effects to date. 



Future prospects 

We now need a renewed emphasis on the 
basic science behind gene therapy — 
particularly the three intertwined fields of 
vectors, immunology and cell biology. 

All of the available viral vectors arose fi^om 
understanding the basic biology of the struc- 
ture and replication of viruses. Clearly, existing 
vectors need to be streamlined further (see box 
on page 241), and vectors that target specific 
types of cell are being developed. The use of 
antibody fragments, ligands to cell-specific 
receptors, or chemical modifications to the 
vector need to be explored systematically And 
advances such as the report — published only 
last week**^ — of the three-dimensional struc- 
ture of the Env protein from mouse leukaemia 
virus (a commonly used vector), will facilitate 
the design of targeted vectors. A better under- 
standing of gene transcription will allow us to 
design regulatory elements that permit pro- 
moter activity to be modulated, and develop- 
ment of tissue-specific enhancer-promoter 
elements should be vigorously pursued. Final- 
ly, we need to begin mergingsome of the quali- 
ties of viral vectors with non-viral vectors, 
to generate a safe and efficient gene-delivery 
system. 

With respect to immunology, viruses still 
have many secrets to be unravelled. Viral 
systems that have evolved to escape immune 
surveillance can be incorporated into viral 




vectors. Some of these are being character- 
ized; for example, the adenoviral E3 protein, 
the herpes simplex 1CP47 protein and the 
cytomegalovirus US 11 protein"'. Systems 
from other pathogens may also He borrowed 
and incorporated into vectors. In some ca>es, 
the correcting protein will be sensed as 
foreign, eliciting an immune response. 
Animal models should help us to under- 
stand this and, where necessary, to develop 
strategies for tolerance. 

Cell biology is involved because, in many 
cases, the goal of gene therapy is to correct 
differentiated cells, such as epithelial cells in 
cystic fibrosis and lymphoid cells in ADA 
deficiency. However, because these cells are 
continuously replaced there has to be either 
continued therapy or an attempt to target the 
stem cells. We first need to develop further 
the technologies for idcntifyingand isolating 
these cells, to- understand their regulation, 
and to target infection to them in vivo. 

So how far have we come since clinical 
trials began? The promises are still great, and 
the problems have been identified (and they 
are surmountable). But what of the prospects? 
Our view is that, in the not too distant future, 
gene therapy will become as routine a 
practice as heart transplants are today. T 
Mer M. Vermrt and Niktmj Sontia are hi the 
taboratory of Genetics, The Salk Institute fin 
Biological StwUes, Lo fol h, CoUf vrnin 

I . l>yjt*l. R. Scitmr 270. 4fM-4 10 1 1 995 ». 

J. Scriw. C. R. S.. Br»u<J«. A. L. Sly. W. S. * Vanc. I>. V 7V 

MfttitH^ic Haiti ofttthrritni Of>«i>r (M*Gr jw-Mill. S*»» VmV. 

19«9». 

y lltti. y.. Ronian. .M„ Naviau*. R. K. *i Wf ma. I. M. Pr.s S^tt 

w. Sli. USA w, mn- hww ( 1992 >. 

4. Kay. M. A. f I al SfWftf 262. 1 1 7- 1 19 1 1 »9i ». 

5. Si looii. O. & Vcrmi. I M. Pritr. Nari Acatt St i. VSA I». 
5t^fWMr>-l (IVItK). 

6. Fe»gn«.P.LS;t,Am.276.IO;-IO(.ll99TI. 

7. Vcrm*. I. M. Stu Am. 263. 6«-72 ( 19901. 

8. Millrf. D. C Adam. M. A. & MHJer. A. O. Mel. Crtt. H„4 10. 
42J*-I242 1 199(1). 

9. Palmff . T. D„ Rnsman. C. I,. OshoiDt, W. R. A MaVi. A. a 
pTtK. Nffrf Aforf. So. USA 8S, I3JO-I.M4 ( 1991 }. 

m. I fwa. P.. Hen«l. M. ft Enwiman. M. EMftO 1 1. W^-JOSS 
(I992». 

ll>KU.R.N:.Knipf;r>.M.A Hnwlty.P.M.(«h) Vni4,*£T 

(LtppiiicwH-Rawcn,Phaa<Wphb,PA. I996». 
1 2. NaWini. L fl o/. Sckmr 271. 26V267 ( 1996). 
|.». Mi7<»hk H..T*k»ha»hi. M.. C»|[t. F. H. & Venn*. I. M. Pw- 

Mul Arad, S.T USA M, I0>l>-I0i2i 1 1997). 

1 4. Btocnet. U. rf «/. /. VirdL 7 1, 664 1-6649 0 997). 

15. ytK P. Bi PtnicawJrt. M. FA.tKfl /. 1 1. 6IS^2> I I997l. 

16. Dal Y. n at. Pror. W«l Ararf. Sri. l/SA 91. 1401- 1 405 1 1995). 

17. V»n». v.. Erll. 1 1. C & Wiboo. ». M. trnmrnhr I. 43V44; ( 1 994). 
!«. EnittWdi. \. K Tc. X, Doram. B. A wa»<». I. M. PnK\ hUl 

AtiJ. Sn. USA 91. 6196-6200 ( 1994). 
l9.Chm. H. H. /f «t F«r. ftorf Anxf. StL USA M. 1645-1650 
1 1 997). 

2a MwycA*. N. Cbrr. Top. Mkrebint. tmmimeL ISt, 97-12: 
0992). 

2 ( . Soyilcf. R. O. rt rtl. Nomn r,mrt 1 6. 270-276 ( 1997). 
llMcnof, R. W. rt Ptpf. Nrtd AmdL Srt l/SA 94. SKM-.W 
(1997). 

2y Ftnlu O. I. OcLuM. N. A.. Cans, W F. A Oof I- C 

Atuim. ttfY. Heurnci. 19, 26S-2S7 ( 1996). 
24. Moi4. B. Pnt. Natt A<wf. Sri (/SA »>. I » M l-ll >4a (1996). 
2V Bfrjlund, P. a ml. BmnknotfffriHYi II. 916-920 ( 199)). 

26. Btanr. R. M. rt mt, Sctrmt 270, 475-4*0 ( 1995). 

27. Oordijowi. C rt Sfirmr ITOt 470-475 ( 1995). 
2».)U*n. I>. a HetMTt Medl I, 101 7-1023 1 1 W5). 

29. Fan. a ft «i Srinif* 277. 16*2-Itt5 1 1997). 

30. WkTiT. E. J. rt *l. Cffl »«. 769-779 1 1 996) 

NATURE VOL 3«9 I8SEPTEMBER 1997 



WEBSTER'S NE^ iTU^NTIETH 
CENTURY blCtfONARY ^ 



Sedbnd Edition i 



Copyright ® 1983 and 1955, 1956, 1957. 1958.-1959. 1960,,1962, 1964, 
1968, 1970. 1975, 1977, 1979 by Simon & Schuster, a Divisioh of Gulf & Western Gorporation 
Full-Color Plates Copyright ® 1972 by Simdn & Schuster . a Division of Gulf & wSstern Corporation 
All rights reserved 

including the right of reproduction . - - ; ^ 

in whole or in part ip any form' , ' I / 

Published by New World Dictionaries/Simon and Schuster 

A Simon & Schuster Division of Gulf & Western Corporation 

Simon & Schuster Building 

Rockefeller Center 

1 230 Avenue of the Americas 

New York, New York 1 0020 

SIMON AND SCHUSTER, TREE OF KNOWLEDGE and colophon are trademarks 
of Simon & Schuster. 

Dictionary Editorial Offices 
New World Dictionaries 
850 Euclid Avenue 

Cleveland, Ohio 441 14 , . . ^ > : . 

Manufactured in the United States of America 
10 9 8 7 6 

Ubraryof Congress Catalog Card Nurnber: 83-42537 .rr- j. 

ISBN 0-671 -41 81 9-X 



Previous editions of this book were pub- 
lished by The World Publishing Company, 
William Collins +World Publishing Co., Inc. 
and William Collins Publishers, Inc. 



PRINTED IN THE UNITED STATES OF AMERICA 



WEBSTER'S 




TWENTIETH CENTURY 
DICTIONARY 



ENGLISH LANGUAQE 

UNABRIDGED ; 

SECOND EDITION 
BASED UPON THE BROAD FOUNDATIONS LAID DOWN BY 

Noah Webster 

EXTENSIA^LY REVISED BY THE PUBLISHER'S EDITbRIAL STAF> UNDER THE GENERAL SUPERVISION OF 

JEAN L. McKECHNIE 

INCUDING ETYMOLOGIES. FULL PRONUNCIATIONS. SYNONYMS, AND AN ENCYCLOPEDIC SUPPLEMENT 
OF }EOCRAI'MICAL AND BIOGRAPHICAL DATA. SCRIPTURE PROPER NAMES, FOREIGN WORDS AND 
PHI^SES, PRACTICAL BUSINESS MATHEMATICS, ABBREVIATIONS, TABLES OF WEIGHTS AND MEASURES, 

SIGNS AND SYMBOLS, AND FORMS OF ADDRESS 

ILLUSTRATED THROUGHOUT 



SIMON 
AND 
SCHUSTER 



' ji''fi?25^S>^ thiflgs. so that if dne- 

flS^^ftftSM^e othM^ when 

we caUe4 «i/«r»(M»»w.;Wh^ one thing 
^?ii»|i°f«re,4 It is:^id there is n6 dUei-native. 



